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TITLES of movies include: “Betty’s Fruit Grove,” a little girl’s story-book vision of fruit 
growing and harvesting in United States and Canada .. . “One Equals Four,” modern man- 
agement methods for permanent pastures . . . “You Be the Judge,” factors in selecting a 
farm tractor .. . “Storage Curing of Baled Hay,” the production of quality roughage . . . 
“Harvesting Seeds of Plenty,” seed production as part of grassland farming .. . “High Yield 
Harvesting,” shows how the nation’s great variety of crops are harvested by combines .. . 
and many others of descriptive title such as “Modern Farm Machines Bring Back the Range” 


EDUCATIONAL MOVIES 


16MM.—IN COLOR AND SOUND 
SLIDE FILMS * POSTERS + BOOKLETS + STUDY GUIDE 
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-.. “Strips and Curves” ... “Water Spreading” .. . “More Food From Fewer Acres”... 
“Soil and Life” ... “Win Against Water” ... “Broad Base Terracing” ... “Build 


Good Terraces” ... “Level Farming”... 
“Building a Pond”... “Hydraulic Controls,” 


? eS 

Mark Twain once said ... “Training is every- 
thing.” The J. I. Case Co., believing that the future is a 
world limited only by ourselves, offers to utilize its con- 
tributions to education and the training of others by 
making available full and free use of its educational 
materials . . . 35 mm. sound slide films, study guides, 
booklets and wall charts as well as sound movies. All 
films are loaned. Printed materials are furnished upon 
request and without obligation to instructors, club 
leaders, county agents, and other persons, groups and 
organizations. Let these materials help you to help 
others to information . . . the practical application of 
research in conservation and agricultural production 
for abundant, prosperous living. These aids provide 
visual, factual support for classroom teaching as well as 
programs for clubs and other organizations. Read at 
right how to order. 


TEACHING 
AIDS 
NOW OFFERED 


BE SURE YOU HAVE THE NEW 
VISUAL AIDS CATALOG 


As its contribution to a prosper- 
ous, enduring agriculture, the Case 
Company has prepared some sixty 
educational items. The new Visual 
Aids catalog describes each and 
tells how to order. Get your copy, 
and schedule your choice of movies, 
etc. through your nearest Case deal- 
er or Branch House. J. I. Case Co., 
Racine, Wis, 
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For feed grinding implements 


BLOOD BROTHER 


Universal Joints and 


Lundell Hay Chopper 
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Before Blood Brothers Drive Lines were 
furnished by these leading manufacturers of 
choppers, hammer mills, burr mills and corn 
shellers, you can be sure they were thoroughly 
field tested by our customers’ engineers — and 
user-tested by farmers. 


That they passed all tests with flying colors is 
obvious. And they should — for they’re ex- 
pertly engineered and ruggedly built to give 
shock-resistant, long-wearing dependability. 
Blood Brothers’ customers — and your cus- 
tomers — have learned to count on that for 
sure! 


Most popular for these implements are Blood 
Brothers’ Series 35N, L14N, L12N and 1FR 
Joints. May we arrange a test for these — or 
other joint models — on implements you're 
planning to market? 


For farm implements, more Blood Brothers 
Universal Joints are used than all other 
makes combined. 


STS WITH FLYING COLORS! 


THESE MAKERS OF CORN 
SHELLERS, BURR MILLS 

OR HAMMER MILLS SUPPLY 
BLOOD BROTHERS U-JOINTS: 


C. S. Bell Co. 

N. P. Bowsher Co., Inc. 
The Cobey Corporation 
Fox River Tractor Co. 


Gehl Bros. Manufacturing Co. 


King & Hamilton Co. 
Knoedler Manufacturers, Inc. 
The Letz Mfg. Company 
Lundell Manufacturing Co. 
Minneapolis-Moline Co. 
Mooers Manufacturing Co 
Papec Machine Co. 

Red Cross Mfg. Co. 
Scottdel, Inc. 

Smalley Mfg. Co. 

Speedmill Manufacturing Co. 
Viking Manufacturing Co. 
Western Land Roller Co. 


Wetmore Pulverizer & 
Machinery Co. 


Letz Grinder _ Western Land Roller Grinder 


BLOOD BROTHERS machine division Pa 


Rockwell Spring and Axle Company 
ALLEGAN, MICHIGAN 
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these important 
differences in augers 
for farm machines 


ONE-PIECE HELICOID FLIGHTING has greater smoothness and 
strength. Link-Belt also builds many different shapes in various 
metals to meet your specific needs—cut flight, short pitch, 
ribbon flight, tapering, double flight to name a few. 


UNIFORM PITCH — Specialized modern machinery as- 
sures accurate forming, producing uniformity in flight- 
ing curvature. 


ONLY SPECIALLY SELECTED STEELS are used to 
meet Link-Belt’s rigid specifications — assur- 
ing smooth flight surfaces. 


STRAIGHTNESS is checked before shipping 
and extra care is taken in handling and 
loading. 


Complete auger for this harvester-thresher is furnished by 
Link-Belt. Opposed flights move cut grain to center, deliver 
it to pick-up conveyor. 


LINK-BELT gives you sound engineering 


les of - ve 

plus accuracy of manufacture Typical examp . 
Link-Belt Augers 

for top performance 8 Sectional fight 


Wis you make a Link-Belt auger part of your farm Leggy i 


machine, you can be sure of efficient operation plus Helicoid flight with end, plain beater Helicoid flight auger 

long-life, low-maintenance service. Link-Belt builds _ 
augers for every purpose—gathering cut grain back of calgon mee ont Lee ase A af ~ 
the sickle bar, conveying, elevating, spreading, feeding, onion dean et | 
mixing or digging. center saw-tooth beater Unmounted Helicoid flighting 

Each can be engineered for your specific requirements 
... each will provide long-lasting efficiency, thanks to 
Link-Belt’s unequalled accuracy of manufacture. Let your x 
nearby Link-Belt sales representative point out the many & fe = LT 

> 


important differences in augers to you. And be sure he 2 rs, 


<4 


gives you a copy of Book 2289, covering Link-Belt’s 
regular line of conveyor screws and components. FARM MACHINE AUGERS 


LINK-BELT COMPANY: Executive Offices, 307 N. Michigan Ave., Chicago 1. To Serve Industry There Are Link-Belt Plants and Sales Offices in All Prin- 
cipal Cities. Export Office, New York 7; Canada, Scarboro (Toronto 13); Australia, Marrickville, N. S. W.; South Africa, Springs. 
Representatives Throughout the World. 13,384 
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For greater PAY 
in your PAYloads... 


Chrysler Industrial Model 16 Engine, 
265 Cubic Inches Displacement. 


‘There are ten Chrysler Industrial Engines and Power 
Units, from 217 cubic inches to 413 cubic inches dis- 
placement. All of them operate with gasoline, natural 
gas or L-P gas fuels. 

True to the Chrysler tradition, these engines, both 
In-line 6 and V-8, are among the most advanced 
design, best engineered and most powerful engines 
available today in their power ranges. Yet, thanks to 
famed Chrysler Research, they are constructed of 
lightweight, highly alloyed steels and allow amazing 
horsepower to weight ratios. 

They are, therefore, ideal engines for most any 
equipment, regardless of size or silhouette. Let our 
nearest dealer give you more details, you’ll be agree- 
ably surprised to know how inexpensive Chrysler 
Power—equipped to meet your specifications—is . . . 
that’s because Chrysler production facilities and man- 
ufacturing know-how allow us to custom-equip engines 
and make them available at mass-production prices. 

Install Chrysler with confidence. Our nationwide 
dealer organization assures you good service and fast 
parts availability. If you prefer, write us: Dept. 0000, 
Industrial Engine Division, Chrysler Corporation, Trenton, Michigan. 


Industrial Engines 


7 Re 
HORSEPOWER > WITH A PEDIGREE 


Chrysler Open Power Units include the 
complete engine, skid base, radiator 
and grille, instruments and instrument 
panel, flywheel and flywheel housing. 
(Pictured is V-8 Open Power Unit, 
which also includes a twenty-five gal- 
lon fyel tank.) 


i 


Nh 


ki 


Street Paving Machine — 
powered with Chrysler 
Industrial Engine. 


(am) 


One-Half Yard Shovel— 
powered with Chrysler 
Industrial Engine. 


ANAK NY EON Frage 


ee ee 


Chrysler Industrial Model 20 V-8 En- 
gine, 331 Cubic Inches Displacement. 


Chrysler Enclosed Power Units 
have the complete engine, in- 
struments, instrument panel, skid 
base, fuel tank, radiator and 
grille, as well as fully enclosing 
sheet metal—side panels and 
hood top panel. 


Farm Combine— 
powered with Chrysler 
Industrial Engine. 


Fork Truck— 
powered with Chrysler 
Industrial Engine. 
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Need small bearings that can carry heavy loads? 


here’s how manufacturers of materials handling equipment 


get them with NEEDLE BEARINGS 


Leading manufacturers of lift trucks, indus- 
trial trolleys and conveyors, cranes, hoists and 
other types of materials handling equipment 
specify Torrington Needle Bearings because 
of their high capacity and their compactness. 

They have been performance-proved through 
years of continuous, rugged service on many 
types of equipment, working indoors and out. 

In lift trucks, for example, the high rated 
radial load capacity of Needle Bearings in 
steering knuckles, steering idler arms, trans- 
missions and hydraulic lift cylinder crossheads 
has made possible increased load ratings with- 
out increase in power requirements. And their 
compactness permits the use of maximum 
material in surrounding members for added 
strength. 

Torrington Needle Bearings have become 
“standard equipment” throughout industry 
since their introduction nearly twenty years ago. 

Our Engineering Department will be glad 
to help you determine where the Needle Bear- 
ing can benefit your products. 


THE TORRINGTON COMPANY 
Torrington, Conn. ° South Bend 21, Ind. 
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When a man hangs out his Shingle... 


Thousands of them started that way .. . with 
a hole in the wall and a slab of cedar, hung over 
the canopied boardwalk. 


They were men of every sort, in businesses of 
every sort. And most of them had some things 
in common, like vision, initiative, and faith in 
the future. 


But each that lasted had still an extra quality 
in common with the other—an acute conscious- 
ness of the responsibilities he assumed when he 
went into business. 


He knew that the day he “hung out his shingle” 
he did more than announce a new venture—he 
announced his willingness to plight his future 


JOH N 


with his community and with his neighbors ... 
to live with them, to work with them, and to 
serve them, 


Now the signs have changed some. But though 
neon has supplanted the cedar slab and the 
modern store front has replaced the canopied 
boardwalk, the philosophy of the successful re- 
mains the same. 


It’s the philosophy that admits to the ree 
sponsibilities assumed when a man “hangs out 
his shingle”—the responsibilities to his neigh- 
bors, to his community, and to his country. 


It’s the philosophy to which the John Deere 
dealer subscribes. 


Moline {“S"| Illinois 
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N EXAMPLE of how competent engineer- eee 1 : 
ing gives competitive advantages to a " » DY 7 


product is shown in this cut-away drawing of a 
Caterpillar DW20 Tractor. Note that every 
component in the design is well suited to the 
needs of the complete product. Among the sales- 


stimulating features of this tractor is the use of 


THIS ENVELOPE CONTAINS 


the right type and size universal joints. Let 


Full Scale and Half Scale 
Line DRAWINGS of 


our engineers show you how the exclusive 
MECHANICS 


weight, size, service and safety advantages of 


atm de re 
MECHANICS Roller Bearing UNIVERSAL eaeeaiaeniaainl —l 
JOINTS will add to the sales appeal of your elie 
product. The engineering kit, shown at the right, — 
will be sent to product designers, upon request. bey a accomare race “ 
MECHANICS UNIVERSAL JOINT DIVISION \ 
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“John D er 1200 Se ws, Hydravlically Control 
Harrow, Fafnir Ball Bearing “equipped. at 


An important 
role in 
low-cost 


On John Deere-Killefer disk harrows, Fafnir Wide 
Inner Ring Ball Bearings are playing an important role 
in the achievement of low-cost, trouble-free disking 
operations. Besides reducing friction with a resultant 
extension of service life, these bearings make possible 
a more compact housing which provides extra clearance 
below the spools to allow dirt, trash and cover crops to 
pass through without dragging on the bearing. They 
put lubrication on a once-a-season basis . . . equipment 
is ready to use instantly. Their rugged construction with- 
stands greater shock loads. Triple seals make them im- 
pervious to dirt and moisture. 


More and more farm machinery is being equipped 
with Fafnir Ball Bearings for several basic reasons ... 
breadth of line, uniformly-high quality standards, ease 
of installation, high efficiency of seals and shields, to 
mention a few. Equally important is the Fafnir “attitude 


and aptitude” ... a way of looking at bearing problems 
from the designer’s viewpoint, and an ability to provide 
the precise bearing to fit the need. Maybe these Fafnir 
attributes can help you solve a bearing problem most 
effectively. The Fafnir Bearing Company, New Britain, 
Connecticut. 
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You gain design flexibility. hold power-transmission 
component costs to a minimum, add new operating 
stamina to your products when Morse Roller Chains 
and Sprockets are at work for you. 


DESIGN, ECONOMY FACTORS 


Morse Roller Chains transmit power positively with 
less than 1% friction loss. They operate with maxi- 
mum efficiency on long or short centers, mesh with 
sprockets on either side of chain to drive multiple- 
sprocket hookup. 


Morse Roller Chains bring about major production 
economies in your plant. They run efficiently and 
well despite shaft end play, unparallel shafts. They 
permit increased drive center-distance tolerances. 
And because of Morse precision mass production 
methods, the complete drives come to you pro- 
duced under the most economical conditions com- 
petitively priced. 


STAMINA FACTORS 


Morse Roller Chains will help you build even 
greater stamina into your machines, help you reduce 
downtime and maintenance problems for your cus- 
tomers. Here are a few reasons why: 


1. PINS. Heat-treated special high-nickel, fine-grain 
alloy steel pins have hard case for wear resistance, 


we 
M-PT = 
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tough inner core for high strength. Finish ground 
to close limits. 


2. PIN LINKS. In Morse Roller Chains, heavy 
press fit holds pins immobile in pin link plates. 
Accuracy of assembly and close finish tolerance of 
yin and plate components assures proper clearances 
werlesat pins and bushings for penetration by 
lubricant. 

3. BUSHINGS. Morse bushings are case hardened 
and curled for maximum wear. Smooth inner bearing 
surfaces and true roundness help eliminate pin 
scoring. increase joint life, reduce elongation. 

4. ROLLERS. Rollers are shot-peened for maxi- 
mum wear and resistance to shock. Rollers are 
processed from special alloy steel. Close-tolerai: 
surfaces provide even load distribution. 


5. LINK PLATES. Morse link plates ere sper i!\\ 


treated to obtain maximum structural strengt ind 
endurance qualities necessary in hig! s 1cssed 
tension parts. Holes are accurately pierced «. || sized. 


Morse Roller Chains, with corresponding sprockets 
in Types A, B, and C available from *s” pitch to 
2'9" pitch. Write for Catalog C51-50, or for details 
on any application you have in mind. MORSE 
CHAIN COMPANY ¢ Dept. 533 ¢ 7601 Central 
Avenue «¢ Detroit 10, Michigan. 


MECHANICAL 


POWER TRANSMISSION 
PRODUCTS 
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PER CENT OF EXPECTED WEAR 


ENGINE WEAR TESTS 
SUMMARY OF ACTUAL OVER-THE-ROAD TRIALS 


THOUSANDS OF MILES 


PERCENT OF WEAR 


Why leading automotive 
manufacturers say— 


ENGINE WEAR-FILTER TESTS 


MAIN BEARING CONNECTING ROD 


8RG WEAR 


|" the charts above, you see sum- 
maries of important filter research 
programs, conducted independently 
by two of the world’s largest auto- 
mobile and truck manufacturers. 

These were exhaustive investiga- 
tions, taking several years to com- 
plete, in which virtually every 
available type and make of filter 
were tested. 

What were the results? Purolator 
filters out-performed all others by a 


PUROLATOR PRODUCTS, INC. 
Rahway, New Jersey and Toronto, Ontario, Canada 
Factory Branch Offices: Chicago, Detroit, Los Angeles 


significant margin. In severe over- 
the-road tests of trucks and passen- 
ger cars, Purolator Full-Flow filters 
held engine wear to such an amazing 
minimum that often it was unmeas- 
urable . . . while control vehicles 
without filters had to have complete 
engine overhauls. 


In many other comparative tests, 
conducted by vehicle and engine manu- 
facturers themselves, Purolator filters 
have been proved best . . . in fineness 


of filtration (.0000039 in.), in filter- 
ing area, in dirt storage capacity 
and in durability. 

If you want further proof of 
Purolator’s superiority, why not 
make your own tests... in your own 
way ... under your own conditions? 
Purolator’s Engineering Department 
will gladly co-operate in helping 
you adapt modern, super-efficient 
Purolator Full-Flow filtration to 
your own requirements. 


*Reg. U. S. Pat. Off. 
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PUMP WITH 
FIXED TEETH 


"=" VWIICKERS, 


Balanced Vane Type Pump 


Under the very best conditions, cold weather puts a strain on starting 
equipment. Every part of the engine is stiffer, and the cold seriously 
decreases the power of the starting battery. If the hydraulic system has 
a pump with fixed teeth or lobes, this starting load may be seriously 
increased above normal. 

Vickers Balanced Vane Type Pumps start at practically no load. At rest 
and at normal starting speeds, the sliding vanes are retracted ... only f 
after the engine fires do the vanes extend and pumping begins. As a 
result, cold weather starting is much easier when a Vickers Vane Type 
Pump is used. 

Get in touch with the nearest Vickers office for full information. Pump and an equal capacity pump with fixed teeth. Oil used 
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(Left) Schematic diagram of Vickers Balanced 
Vane Type Pump showing how sliding vanes 
are retracted at normal engine cranking speeds. 
No oil is pumped and there is practically no 
starting load. 


Vickers Balanced Vane 
Type Pumps for mobile 
equipment are available 
in five basic sizes, 15 
normal delivery 
ratings and a 
variety of mount- 
ings. Ask for new 
Catalog M-5101. 


(Right) Similar diagram of Vickers pump 
showing how pump vanes are extended when 
engine is running. Pumping then begins and 
continues at all engine speeds. 


6628 


SVICKERS Incorporated 


DIVISION OF THE SPERRY CORPORATION 
51516 OAKMAN BLVD. ° DETROIT 32, MICH. 


Application Engineering Offices: ATLANTA * CHICAGO (Metropolitan) « CINCINNATI « CLEVELAND + DETROIT » HOUSTON « LOS ANGELES (Metropolitan) 
NEW YORK (Metropolitan) > PHILADELPHIA (Metropolitan) » PITTSBURGH * ROCHESTER » ROCKFORD » SEATTLE « TULSA » WASHINGTON * WORCESTER 
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A report to you about men and machines that help maintain International Harvester leadership 


Pasture renovation is no longer a complicated job 
requiring 4 to 6 separate operations. The new 
McCormick pasture renovator makes seed trenches 

RE N FW S P AS T i ie ie % and places commercial fertilizer, grain and grass seed 
in 3-deck strips—in one trip! 


Deep placement of fertilizer, directly below the 
seed, produces better stands than broadcast distribu- 


tion. This new pasture renovator also saves time, fuel, 
i and up to 50 percent of costly grass seed. Most erosion 
losses are eliminated. Livestock can continue grazing 
3 pastures that are being improved. The McCormick 


Renovator also can be used for deep placement of 
New McCormick® pasture renovator, commercial fertilizer, or as a conventional grain drill 
and band type grass seeder. 
The McCormick pasture renovator is another ex- 
pasture improvement practical ample of the way IH engineering keeps product 
development abreast of the latest discoveries of our 
crops and soils scientists. This helps farmers to start 
profiting from new farming techniques almost as soon 
as they are proved practical. 


developed by IH engineers, makes 
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1. Colter cuts sod. Diamond-point appli- 
cator makes narrow trench as deep as 
4 inches. 


2. As fertilizer is released ‘n the trench, 
a layer of soil falls over it to protect 
seed from burning. 


3. Oats and other unhulled seeds are re- 
leased ahead of the press wheels which 
firm soil around them. 


4. Clover and other hulled seeds fall into 
moisture-holding grooves either be- 


The McCormick pasture renovator places com- fore or after the press wheels. 


mercial fertilizer, nurse crop, and grass seed together 
in each of seven strips spaced eleven inches apart. 


INTERNATIONAL HARVESTER 


International Harvester products pay for themselves in use—McCormick Farm Equipment and Farmall Tractors... 
Motor Trucks ... Crawler Tractors and Power Units ... Refrigerators and Freezers—General Office, Chicago 1, Illinois 
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Those odd shapes you see in the above picture show contour 
farming ct its best— one proven way the farmer can maintain 
and improve his land and increase his yield without adding 
acres or manpower. Another way is through the use of more 
and better implements at lower cost. That's where you come in. 


Making odd shapes in metal that definitely cut farm equip- 
ment production costs and inspire revolutionary design thinking 
is where we come in. Whether it's something you ore now mak- 
ing or just a drawing board dream, transforming “shapes of 
mind” into shapes of metal has been a proven production tech- 
nique of Van Huffel for over half a century. 


With hundreds of case history applications showing down 
to earth production economies, we would like the opportunity 
of demonstrating how Van Huffel shapes can help increase your 
pay dirt. 


Shown at the left are just a few of the many metal shapes Van 
Huffel has produced in various metals and in any lengths. Shapes 
can be cold formed to your specifications from strip widths up 
to 33” and gauges up to .312. 
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NEW HYATT BARREL BEARINGY 


You’re looking at a cross section of industry’s newest 
find—the bearing that’s built with barrel-shaped rollers! 
Developed by Hyatt, the Barrel Bearing is of true 
dual-purpose design—it takes load from any direction. 
But more than that, the Barrel Bearing is self-aligning 
—and misalignment of supporting parts cannot cause 
excessive wear, as it does with ordinary bearings. Now 
in volume production, this new bearing is in the newest 
trucks and busses, in farm, textile and construction 
equipment, and in many types of oil field machinery. 
In fact, if you own a new car there’s a good chance 
that Barrel Bearings are in the wheels and differential. 


for construction equipment and 
many types of new machinery. 


ROLLER BEARINGS 


HYATT BEARINGS DIVISION - GENERAL MOTORS CORPORATION + HARRISON,N. J. 
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ASSOC. MEMBER ASAE 


were conducted by the agricultural engineering 

department of Purdue University to determine the 
power and torque requirements of the individual drives of 
a combine. Although many observations were made in 
obtaining the data, there was not sufficient duplication and 
variation in conditions to establish definite relationships. 
It is felt, however, that the characteristics observed during 
these tests might be of assistance to those associated with 
combine design. 

Two machines were used in obtaining the data. One 
combine was self-propelled and employed crossover separ- 
ation. This machine was equipped with an 8-ft cutter bar 
having a 4-in gather. The cylinder used was the flail or 
rub-bar type. This machine was used fcr the tests conducted 
in 1951. 

The one used for the 1952 tests was a pu!l.type combine 
and was equipped with an auxiliary engine. This machine 
employed a rasp-bar cylinder and straight-through separa- 
tion. The width of cut was 6ft 8in with a 4-in gather. 


D the harvest seasons of 1951 and 1952, tests 


This paper was presented at the winter meeting of the American 
Society of Agricultural Engineers at Chicago, IIl., December, 1952, 
as a contribution of the Power and Machinery Division. Approved 
by the Director as Journal Paper No. 746 of Purdue University 
Agricultural Experiment Station. 
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Fig. 1 Power requirements of a 5-ft rasp-bar cylinder in wheat 


Most of the tests on the self-propelled combine were 
conducted to determine the maximum conditions which the 
machine would be expected to encounter, whereas the tests 
on the pull-type machine were conducted to determine the 
change in power requirement with increasing rate. For this 
reason only the power requirements of the drives in the 
pull-type combine will be discussed in detail with reference 
to the self-propelled combine tests for comparison. 


TEST PROCEDURE 
The field test strips were 100 ft in length and were 
selected in areas where the crop was uniform. The amount 
of straw in the various strips was determined after each run 
in the 1952 tests, while an average straw weight was deter- 
rained in the 1951 tests. The rate was determined by timing 
the machine through the test area. 


POWER REQUIREMENTS 
Cylinder : 

Wheat. The cylinder power requirements represent ap- 
proximately 50 percent of the total combine power when 
operating under normal conditions. The cylinder is very 
responsive to the rate of material flow. In open-sowed crops 
the power requirements increase rapidly as the rate of flow 
increases. This does not appear to be the case in rowed 
crops such as soybeans. Fig. 1 shows the power required by 
a 5-ft rasp-bar cylinder in wheat. The friction power was 
0.5 hp at a cylinder speed of 1000 rpm. At a rate of 30 lb 
per min flow of threshed straw the power had increased to 
1 hp. When the rate was 60 lb per min, the power required 
was 2.9 hp. This indicates a rapidly increasing power 
requirement as the speed of travel is increased, or rather as 
the rate of flow is increased. In other words, if the cutter 
bar were increased from 5 ft to 7 ft and all other factors 
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Fig. 2 Power requirements of a 5-ft rasp-bar cylinder in 
rowed soybeans 
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Fig. 3. Pitman horsepower of a 6-ft 8-in cut in soybeans 


kept the same, the power required would not increase as 
the ratio of cut but would double. This relationship needs 
to be considered when the cutter bar length is to be increas- 
ed without appropriate changes in the cylinder. 

The rub-bar cylinder required considerably more power 
than the rasp-bar cylinder at no load condition. The friction 
power of this unit was 3 hp at 1400 rpm. This appears to 
put the rub-bar cylinder at a disadvantage in terms of power. 
However, at the higher rates of flow the power required 
by this cylinder falls almost on the. extension of the curve 
formed by the points plotted for the rasp-bar cylinder. 
Actually this cylinder behaves much like a fan and prob- 
ably at least 2.5 of the 3 hp required at no-load condition 
can be attributed to windage. As the rate of flow of 
unthreshed grain increases, the amount of air moved de- 
creases with a corresponding decrease in power. Just what 
the power requirements of the cylinder are between the two 
points plotted is entirely a matter for conjecture since the 
data is not available for any intermediate points. 


Soybeans. The power requirements of the rasp-bar 
cylinder in rowed soybeans has considerably different char- 
acteristics than those exhibited in wheat. Fig. 2 shows the 
power requirements as the rate of travel is increased with a 
corresponding rate of material flow. Although the power 
required for the cylinder is higher in beans than in wheat at 
the same rate of material flow, the curve characteristics 1s 
more nearly linear. This dissimilarity must be due to (1) 
the difference in the material, (2) the way it is fed into the 
machine, or (3) the initial concave-cylinder bar clearance. 
In open-sowed crops such as wheat, the material covers the 
complete width of cylinder and the only way an increase in 
the amount of material flow may be accomplished is by an 
increase in the thickness of the material passing through. 
When this occurs there is more work done in compressing 
the material as it passes through the concave-cylinder bar 
clearance thereby causing a disproportionate power increase. 
On the other hand, the rowed material is fed into the 
machine in two distinct bands. As the rate is increased in 
this case, the material tends to spread laterally since it has 
room on either side. This eliminates the additional work 
necessary for compressing the material and allows distri- 
bution over a larger surface of the cylinder giving a power 
requirement more nearly proportional to the rate of material 
flow into the cylinder. 


The rub-bar cylinder again required more power under 
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Fig.4 Separation horsepower in rowed soybeans 


no load condition. The measured value was 1.3 hp and is 
designated in Fig. 2. The lower no-load horsepower 
requirement is due to a lower cylinder speed and less power 
used in moving air. At the higher rates the difference in 
power requirements seems to be less. By extending the 
power curve of the rasp-bar cylinder to the 80 lb-per-min 
rate which corresponds to the lowest measured rate on the 
tub-bar cylinder, the power indicated for the rasp-bar cylin- 
der is approximately 0.8 hp greater. 


Maximum Conditions. The maximum load existing over 
one second was 10.0 hp for the rasp-bar cylinder in wheat, 
whereas the maximum load for the rub-bar cylinder was 
16.8 hp in open-sowed soybeans. The power available from 
the engine at the time the slugging occurred was 16 hp for 


the rasp-bar cylinder and 22 hp for the rub-bar cylinder. 
This indicates that as the power available is increased, as 
in the self-propelled units, the possibility of increasing the 
maximum overload conditions becomes an important factor. 
Cutter Bar 

Wheat. The cutter-bar power was approximately 0.16 
hp at no-load condition and increased linearly in wheat to 
0.62 hp at a rate of 50 lb per min. The width of cut was 
6 ft 8in with a 4-in gather. The acceleration forces were 
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Fig. 5 Power distribution for a 7-ft combine in soybeans 
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Fig.6 Power distribution for a 7-ft combine in wheat 


not changed greatly when the cutting load was being 
recorded; this, however, was not the case in soybeans. 


Soybeans. The cutter-bar power represented almost one- 
tenth of the total power required by the combine throughout 
the tests. Fig. 3 shows the power required by the cutter bar 
at varying rates of travel. The power requirements increased 
almost linearly as the rate of travel increased. The maxi- 
mum torque recorded over one second interval was 240 
lb-in, giving a required power of 1.37 hp. The peak torque 
recorded was 800 Ib-in with an amplitude of 960 Ib-in at a 
frequency of 12 cycles per second and a crank speed of 
360 rpm. 

The maximum axial forces in the pitman under no-load 
condition which were due to the acceleration of the sickle 
were 230 lb compressive and tensile. Under maximum load 
conditions these forces were increased to 394 Ib compressive 
and tensile and occurred at the end of each stroke. The 
maximum cutting force was 264 lb which gave a momentary 
power of 4.4 hp twice during cach cycle. The higher accel- 
eration forces under load may be explained by the momen- 
tary slow-down of the drive pulley during the cutting load 
due to slippage and elongation of the belt. This condition 
caused additional acceleration forces due to the variation in 
the speed of the driver at the end of each stroke. 

Tests conducted while cutting a dense growth of grass 
at 4 mph indicated a maximum cutting load of 296 lb, 
acceleration forces of 394 Ib and a mean power requirement 
of 1.6 hp. 


ROWED SOYBEANS, 
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Fig. 7 Traction horsepower vs. ground speed 


Reel 

The reel drive consumed little of the power required 
for the machine. Under no-load condition the power 
requirements were 0.11 hp. In wheat the maximum average 
power was 0.31 hp whereas in beans it was 0.35 hp. The 
peak torsional load occurred in the soybean tests and was 
283 Ib-in. This loading repeated itself each time a batt 
passed the cutter bar. In terms of force on the batts of the 
reel, this loading would represent a force of 94 lb. As the 
rate of travel increased in the soybean tests, the power 
required by the reel decreased. This could be expected 
since the reel speed was constant, and therefore as the 
ground speed increased the peripheral speed of the reel 
approached the travel speed. 


Separation and Cleaning 

Fan. Although the total power requirements of the fan 
in each machine did not have much bearing on the total 
load requirements, their characteristics are interesting. One 
machine employed shutters to regulate the amount of air 
and a wind board for directing its flow. The no-load power 
for this unit was 0.3 hp. Under load conditions the power 
dropped to approximately 0.18 hp in soybeans. When the 
machine was set for wheat, the no-load requirement was 
0.2 hp, and decreased to 0.16 when the cleaning shoe 
was loaded. This may be explained by the characteristics 
of this type of fan; that is, high power requirements under 
low static pressures and a decrease in power as the static 
pressure is increased. The material passing over the clean- 
ing shoe acted as a valve causing a build-up in static pressure 
with a resulting decrease in power requirements. Fig. 4 
shows the variation in power for separating and cleaniny 
soybeans. 

The fan on the other machine was not responsive to 
load since the direction and amount of air was regulated by 
a valve on the outlet side of the fan housing. This arrange- 
ment kept a higher static pressure in the fan housing than 
that created by the material passing over the shoe. 

Straw Rack 

The amount of material passing through the machine 
had very little effect on the power requirements of the rack. 
The maximum power required by the straw rack of the 
pull-type combine was only 0.9 hp in soybeans. Although 
this is a small portion of the total power requirements, the 
effect of the straw rack is transmitted throughout the rear 
portion of the machine. Due to the acceleration forces set 
up by the reciprocating motion of the rack, momentary 
torsional loads as high as 280 lb-in positive and 120 Ib-in 
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Fig. 8 Power distribution of a self-propelled combine 
harvesting soybeans 
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negative with a frequency equal to twice the rack speed 
are evident. 

These loads are cyclic in nature and should be consid- 
ered when designing any shaft subjected to them. The 
addition of a unit having appreciable flywheel characteristics 
on one of the machines reduced the amplitude of the 
fluctuations in the fan shaft from 415 lb-in to 215 Ib-in. 


POWER DISTRIBUTION 
Soy beans 


The power distribution for the pull-type machine is 
shown in Fig. 5. The values plotted represent the average 
power requirements of the varicus drives as the rate of 
material flow or ground speed increases. The dashed curve 
represents the summaiion of the power requirements of the 
various components. The total measured power required 
from the engine falls above this curve by approximately 1.0 
hp at the low rates and 2 hp at the high rates. This rep- 
resents the friction loss of the machine that was not recorded 
by the component measurements. These losses due to fric- 
tion occurred in the various power transmission devices such 
as chains, belts and gears. What percent of the total loss 
can be attributed to the various types of drives cannot be 
determined from the test data. The efficiency appears to 
increase as the load increases and is approximately 80 
percent at the higher rates. Although the drive layout for 
this machine appeared to be very satisfactory, the portion 
of the horsepower attributed to friction was considerable. 
Further work is needed to study the efficiency of various 
types of drives used in farm machines. There was not sufh- 
cient data to make a similar comparison on the self-propelled 
combine. 

The cylinder requirements represented approximately 
50 percent of the total power required at the higher rates 
and 45 percent at intermediate rates. Under maximum over- 
load conditions the cylinder power requirements almost 
doubled while those of the other parts of the machine 
remained almost constant. This condition indicated that 
the maximum power required from the engine would be 
almost 15 hp which was near the maximum of that recorded 
over any definite period. 

The cutting mechanism required approximately 10 per- 
cent of the total at the higher and also at the intermediate 
rates. Tests in severe cutting conditions did not indicate a 
rapid increase in the power requirements as in the cylinder. 

The combined separating and cleaning-power require- 
ments are relatively constant and did not increase appre- 
ciably as the rate of material processed was increased. Even 
though the average power requirements are low the recipro- 
cating motion of the rack induces high momentary forces 
and torsional loads. 

W heat 

The power distribution in wheat is considerably different 
from that in beans. This difference is primarily due to the 
different characteristics exhibited by the cylinder. The 
power distribution curve is shown in Fig. 6. Due to instru- 
mentation difficulties the total power supplied by the engine 
was not determined. The total power curve was plotted on 
the basis that the frictional loss would be similar in both 
wheat and soybean harvest. 

All components of the machine had the same char- 
acteristics in wheat as in soybeans except the cylinder and 
the pitman. The cylinder power increased rapidly as the 
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rate of flow increased. At intermediate rates its require- 
ments represented only 27 percent of the total while at the 
higher rate it was 47 percent and increased rapidly. The 
pitman power increased more rapidly when operating in 
beans than in wheat but did not show any trend toward 
unusually high power requirements at the higher rates. 
Traction Drive 

The power required by the traction drive of the self- 
propelled combine was determined for the ground condi- 
tions encountered during the tests. The gross weight of 
the machine was approximately 6600 Ib with 5000 Ib on the 
traction tires and 1600 lb on the 6.00 x 16 tires. The power 
requirements for the traction drive in wheat stubble, red 
clover stubble, and rowed soybeans are shown in Fig. 7. 
The ground conditions during these tests were optimum. 
The machine was equipped with 16 x 16 tires when operat- 
ing on wheat stubble and red clover stubble. These were 
changed to 10 x 24 tires in rowed soybeans. Probably the 
16 x 16 tires would have lowered the power requirements 
slightly if they had been on the machine at the time of the 
tests in soybean stubble. In ground conditions comparable 
with plowed open-sowed bean ground the 16 x 16 tires 
showed a saving over the 10 x 24 tires of 1.7 hp at 2.4 mph. 
The power distribution between the main combine drive 
and traction drive when harvesting soybeans is shown in 
Fig. 8. 

SUMMARY 

The results of the tests indicate the following char- 
acteristics: 

1 The cylinder is very susceptible to loading and in 
wheat its power consumption increases much more rapidly 
than the increase in material flow. 

2 The cutter-bar load is a maximum in soybeans. How- 
ever, its load increases linearly both in wheat and soybeans. 

3 The power consumed by the separating and cleaning 
components is not affected by the material flow and is more 
nearly representative of the friction power required to 
operate the mechanism. 

4 The forces due to the reciprocating action of the 
straw rack causes peak torsional loads many times the aver- 
age load conditions. 

5 The friction losses due to the various drive mediums 
vary from 30 percent of the total power required at no-load 
condition down to 20 percent at the maximum conditions. 

6 The traction requires as much power as the main 
combine drive when operating in bean ground on level 
land and could easily require considerably more in less 
favorable conditions. 


More Important Than Cotton Gin 

_ question of what engineering can do for the country, 

for its economics over everything else, isn't understood. 
For instance, we think of Eli Whitney as being the man who 
invented the cotton gin. But one of the things he did that is 
of a great deal more importance than the cotton gin was the 
making of the individual tools to make a single piece or do 
a single operation upon a piece, which is the basis of our 
mass production. — Chas F. Kettering in Mechanical Engy- 
neering for December, 1953. 
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Economic Analysis of Farm Dairy Buildings 
Deane G. Carter and R. N. Van Arsdall 


FELLOW ASAE 


the economy and efficiency of farming operations if 

they provide facilities to reduce labor, protect or 
improve the quality of products, or cut down on annual 
overhead costs. But unless adequate attention is given to 
planning and design, farm structures may burden the owner 
with a high investment, an inflexible arrangement, and bar- 
riers to efficient operation. 

This close tie-up between buildings and equipment with 
problems of economics and management is frequently evi- 
dent in economic studies. A case in point is a current report 
on the economic and functional characteristics of farm dairy 
buildings, which reveals or implies deficiencies in buildings 
and equipment. It also indicates methods and practices that 
should be embodied in designs, and deals with costs and 
functional values of particular interest to engineers. For 
these reasons, the report* is condensed in this paper, insofar 
as the findings pertain directly to engineering interest and 
offer guidance in the application of design. 

A field study and analysis was made of dairy operations 
on 350 Illinois farms in the two principal milksheds that 
serve the Chicago and St. Louis markets. The farms aver- 
aged about 200 acres in size. Herds consisted of from 12 
to 120 dairy-animal units with averages of 32 in the Chicago 
area and 23 in the St. Louis area. 

Cows in milk comprised about 70 percent of the total 
dairy-animal units. Stanchion, or stall, barns were used on 
294 farms; modifications of loose-housing systems were 
found on 56 farms. Most farmers produced good quality 
milk; two-thirds were on the Grade A market. Farm 
account records were available in addition to the data 
obtained by farm visits. Data on inventory, operations, 
income, and costs were based on or adjusted to 1947. 


| = buildings can make important contributions to 


This paper was prepared expressly for AGRICULTURAL ENGI- 
NEERING. 

The authors—DEANE G. CARTER and R. N. VAN ARSDALL—are, 
respectively, professor of farm structures, University of Illinois, and 
agricultural economist, Bureau of Agricultural Economics, U.S. 
Department of Agriculture, with official station at the University 
of Illinois. 

*R. N. Van Arsdall, D. B. Ibach and Thayer Cleaver, ‘Economic 
and Functional Characteristics of Farm Dairy Buildings,’ Agr. Exp. 
Sta. Bul. 570 (1953). Results of cooperative research by the Illinois 
Agricultural Experiment Station and the U.S. Dept. of Agriculture. 


It should be noted that the records reflected existing 
conditions on these farms. Most of the buildings were 
from 40 to 70 years old. They had been built when the 
farms produced mostly grain and meat animals. Relatively 
few new buildings or extensive alteration of old buildings 
had been made with the shift to dairying. Most barns had 
loft storage for hay and inflexible stall arrangements. They 
lacked many features that are now generally recommended. 

DAIRY BUILDING INVESTMENTS 

In the analysis, current inventory values were used in 
computations. Thus they reflected a lower investment, on 
the average, than would prevail with newer structures of the 
same type. For example, the investment per farm in dairy 
building averaged $3,046 where the structures were depre- 
ciated to 40 percent or less of their reproduction cost value. 
For buildings of medium age with between 41 and 65 per- 
cent of value remaining, the average dairy building inven- 
tory was $4,579. Newer buildings with more than 65 
percent value left in them were inventoried at $8,458 
per farm. 

These differences are not a reflection of advancing costs; 
rather they represent the current (depreciated) investment 
in dairy buildings. To reproduce them at 1947 costs would 
have required approximately $10,000 per farm. Structures 
chargeable to dairying represented about 10 percent of the 
entire farm investment. This was about six-tenths of the 
service-building inventory on the 350 farms. In general, 
about one-half the dairy enterprise investment was in dairy 
buildings. 

Based on a comparison with the investment in animals, 
the average replacement of buildings would have required 
$372 and $350, respectively, in the Chicago and St. Louis 
areas for each $100 valuation of dairy stock. The actual 
range of building inventories was from $50 to $800 per 
$100 invested in dairy stock, but in 60 percent of the cases 
it was from $100 to $300 for each $100 worth of animals. 

Building values per dairy-animal unit, averaging $375, 
varied only slightly with the size of the herd. About one- 
tenth of the variations in investment between large and 
small herds was attributable to the size of enterprise. The 
lack of economy to scale is probably due to the many cases 
where old buildings had been adapted for dairying. A var- 


Trends in stall barn design are 
toward one-story structures, ground- 
level hay storage, control of en- 
vironment, and arrangement and 
equipment for efficiency of opera- 
tion. Thermopane insulating glass 
was used in the south-exposure 
windows in this barn 
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A loose-housing arrangement for farm dairying that features a combination of milkhouse and milking room with elevated stalls, an open- 
front shelter shed, and an old barn remodeled for storage and feeding hay 


iation in investment according to size of herd was observed 
in only a limited number of cases where the farms had 
smal! or medium-sized herds, typical proportion of produc- 
ing cows, and neither crowding nor wasted space. 


ANNUAL DAIRY BUILDING COSTS 

The study revealed that annual costs of dairy buildings 
averaged about $26 per animal unit, $25.87 for the Chicago 
area and $26.74 in the St. Louis milkshed. They included 
depreciation and interest on undepreciated value which, 
plus prorated taxes and insurance, accounted for about 80 
percent of the amount, while other cash outlay for repair 
and maintenance made up 20 percent of the total. These 
calculated costs were approximately 10 percent of the yearly 
cost of the dairy enterprise. 

Although annual building costs were slightly lower on 
farms where gross returns were less than $200 per dairy 
unit, such low returns appeared to be associated with lack 
of good dairy management in general. As gross returns 
rose above $200, there was relatively little increase in 
building costs per year, per animal unit. 

It is apparent that a serious problem is posed in meeting 
building costs, as well as other expenses of the dairy enter- 
prise. When this study was made, a gross annual return 
of about $300 per dairy-animal unit was necessary to cover 
all costs. Only about one-half the farms had such returns. 
After production costs were met, the net amount for ‘‘man- 
agement’ ranged from a loss of $333 to a gain of $203 
per dairy-animal unit. 

Since the study revealed that approximately 10 percent 
of the yearly cost of operating the dairy enterprise was 
charged against buildings it follows that 10 percent of the 
gross returns from the enterprise should be available to 
cover the building item. This proportion gave $25.33 in the 
Chicago area and $27.04 in the St. Louis territory. Thus the 
returns were just about equal to the $26 average annual cost 
noted above, with no returns to management. 

The solution of building problems must take into 
account the practical limits of both investment and annual 
cost. Quality of product, labor efficiency, and functional 
needs should be considered along with the kind of con- 
struction and facilities needed to overcome present defic- 
iencies. These problems are indicated by the results of 
study on the 350 farms as outlined below. 


CHARACTERISTICS OF DAIRY BUILDINGS 

A rating scale was devised to measure the functional 
value of the various features of dairy buildings in compar- 
ison with known or generally assumed standards of ade- 
quacy. A rating of 1 by the investigator indicated that the 
item or factor was fully adequate; a 5 rating represented 
serious deficiency. The zating scale is shown below, together 
with illustrative data that show the number of farms out of 
350 having each of the several ratings as to the conditions 
of the barn floors. 


Rating scale 1.0 1.25-2.0 2.25-3.0 3.25-4.0 4.25-5.0 


Floor condition 
(number of cases) 164 140 17 18 11 


Although such a rating scale is somewhat arbitrary, it 
does serve to compare one farm with another and indicate 
the conditions encountered. In this study the investigators 
were given detailed instructions at the start; ratings were 
reviewed periodically and equalized so far as possible at 
the end of the field work period. The amount of quan- 
titative data obtained tended to minimize differences due to 
individual opinion. 

The detailed data on functional utility are condensed 
further in Table 1 to give a general picture of the adequacy 
of the dairy buildings on 350 farms. It was assumed that 
ratings of 1 to 2, or the upper 40 percent of the scale, would 
be typical of generally satisfactory conditions and that rat- 
ings from 2.25 to 5 indicate that improvements were needed. 
As indicated, floors, feed storage, and facilities for getting 
clean buildings and handling milk were given the higher 
ratings. The greatest need for improvement was in stalls, 
external layout, and cleanliness of cows. 


Use of space. An obvious deficiency, which probably 
resulted from the predominance of old buildings, was the 
lack of coordination between the amount of building space 
and the size of herd. Space was wasted in haylofts originally 
intended for loose hay, in barns remodeled for dairy cows, 
or where large barns were used for small herds. Crowding 
was due largely to the inflexibility of older barns to accom- 
modate an expanding business. Of 328 cases classified, only 
28 had a suitable adjustment to space needs. In 221 cases, 
or on two-thirds of the farms, either the amount of wasted 
space or evidence of crowding was ‘‘considerable.” 


Structural Condition. The observed condition of struc- 
tural parts of dairy barns indicated the following percent- 
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TABLE 1. PROPORTION OF 350 FARMS HAVING VARIOUS 
FUNCTIONAL CHARACTERISTICS RATED AS “SATIS- 
FACTORY” OR “NEEDING IMPROVEMENT” 


Satisfactory 
(rating of 1-2), 
percent 


37.5 
45.5 
45.5 
64.5 
71.0 
90.0 
87.0 
89.0 
36.0 
TI 
47.5 
70.0 
78.5 
44.0 
68.0 
26.0 
85.0 
53.5 
59.5 
48.0 
64.5 
56.0 
73.0 
Sd 
91.0 
61.0 
91.0 


Needing improvement 
(rating of 2.25-5), 
percent 


62.5 


Item 


Stall size 

Manger and bunks 

Alleys 

Ceiling height 

Young stock space 

Floor material 

Floor condition 

Curb 

Gutter 

Walls 

Gates and doors 
Protection for concentrates 
Roughage facilities 

Water protection 

Water adequacy 

External layout 

Handling cows 

Handling milk 

Feed preparation and feeding 
Cleaning operation 
Natural lighting 

Artificial lighting 

Clean Buildings 

Clean cows 

Facilities for washing and sterilizing 
Water disposal 

Utensils 


ages of each item that were counted as “good”: Founda- 
tions, 71 percent, floors, 75 percent; roofs, 68 percent, and 
walls, 51 percent. Milkhouse parts were “good” in about 
70 percent of the cases. 


Features Related to Cleaning. Following are the per- 
centages that were classed as ‘‘good"’ for parts and facilities 
for adequate cleaning: Stalls, 86; gutters, 90; alleys, 82; 
lot drainage, 51; equipment for manure removal, 56; and 
milkhouses, 50. 


Water Supply. Most farms had sufficient stock water, 
but access to the watering place was difficult or inconvenient 
on 18 percent of the farms; 56 percent had a muddy 
approach to the supply; 57 percent had inadequate means 
for protecting stock water from dirt or other foreign mater- 
ial, and 33 percent had no protection against freezing, 
although some of this group had watering cups in the barn. 


Care of Milk. The majority of these farms were pro- 
ducing Grade A milk. This resulted in a relatively high 
score on facilities. Nevertheless, on the 350 farms, 2 per- 
cent were without facilities for washing utensils, 4 percent 
did not have milkhouses, and 14 percent lacked milk-cool- 
ing equipment. On about 40 percent of the farms the 
milkhouse drain emptied directly outside the foundation. 


RELATION OF FUNCTION TO OTHER FACTORS 


Altogether, size of herd, age and structural level of 
buildings, and investment in buildings per dairy animal unit 
were associated with 38 percent of the variation in the 
rating of buildings as to their functional adequacy in the 
Chicago milkshed, and to 46 percent of the variation in the 
St. Louis area. Most of the remaining variation was attri- 
buted to management decisions, particularly with regard to 
the kind, type, quality, and cost of buildings. 

The larger the herd, the higher the functional rating. 
Twenty percent of the variation in rating was associated 
with differences in the number of dairy-animal units. Pre- 
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sumably this was because the operator gave a greater relative 
proportion of his time to dairying. 

The newer the building, the higher the functional value. 
Twelve percent of the variation was associated with age 
differences. Improvements have been slow in appearing, 
however. On the farms studied, the average improvement 
in adequacy was only one score point for each 34 years 
reduction in age. The gain may be due largely to the 
adoption of technological improvements. 

High cost did not necessarily increase the usefulness of 
dairy buildings. The structural quality had little or no 
apparent effect on function. Only 4 percent of the observed 
variation was related to differences in the reproduction cost 
of the buildings. 

The farms producing Grade A milk were better than the 
others in total score, but their improvements were associated 
more with code requirements than with either production 
facilities or labor ethciency. 


CONCLUSIONS 


Farm dairy buildings account for about 10 percent of 
the entire farm investment on the 350 farms analyzed. They 
represent approximately one-half of the investment in the 
dairy enterprise. Current inventory value of dairy buildings 
averaged $3,046 per farm where the buildings were largely 
depreciated, $4,575 per farm, for medium-valued buildings, 
and $8,458 per farm where no more than one-third depre- 
ciation had occurred; it would take $10,018 per farm to 
replace them. 

Annual costs amounted to about $26 per dairy-animal 
unit. Eighty percent was depreciation, interest, and pro- 
rated insurance and taxes; 20 percent was cash expense for 
maintenance and repairs. The annual building cost was 
about 10 percent of production cost for the dairy enter- 
prise. Final calculation showed also that about 10 percent 
of gross revenue was required to offset dairy building costs. 

These data, based on or adjusted to 1947 levels indicate 
that $26 per animal was the approximate upper limit of 
annual building cost under the conditions found ; otherwise 
building costs would exceed their proportionate share of 
gross income. Even under this condition nothing was left 
as a return to management. Thus it becomes evident that 
the farmer is faced with at least the following problems: 

1 Obtain higher prices for milk. This can be ruled out 
for the majority since they are already on a Grade A market. 

2 Increase the size of the herd. Generally a higher 
investment would be called for since the farms with waste 
building space just about offset those having crowded con- 
ditions. The study showed little gain in economy as the 
herd size increased, presumably because of the kinds and 
types of buildings being used. But with the use of modern 
planning methods, it should be possible to decrease the 
unit cost of buildings as herd size increases. 

3 Improve the productivity of the herd. While this 
might be done, the solution is not within the province of the 
engineer and might not be feasible on some farms. 


4 Make more efficient use of labor. Labor accounted for 
15 percent of production cost on these farms. Design and 
arrangement to simplify chore work and reduce labor offers 
a challenging opportunity for important contributions to 
economy. (Continued on page 27) 
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Economic Feasibility of Supplemental Irrigation 
D. B. Krimgold 


MEMBER ASAE 


the author called attention to the Thornthwaite method 

of determining time and amount of irrigation. Since 
that paper was written, I have been engaged in a research 
project under a contract between The Johns Hopkins Uni- 
versity and the U.S. Air Force?. The purpose of this project 
is to develop methods of estimating soil moisture from 
readily available climatic data for use in solving military 
problems in tractionability. Except for the ultimate applica- 
tion of the results, the studies that had to be made were 
precisely the same as those that would be called for in solv- 
ing many irrigation problems. 


T a short paper published a little over a year ago (1)* 


In the first progress report of the Air Force's contract 
(2), the problem was outlined under three principal in- 
vestigations : 

1 Study of water properties of soils, which included 
infiltration, water-holding capacity, permeability, and related 
factors such as porosity, volume weight, etc. 


2 Developing a surface runoff factor so that “effective 
precipitation’, that part of precipitation entering the soil, 
can be estimated from readily available data. 

3 Investigation of Thornthwaite’s evapotranspiration 
formula and procedure and their use in estimating soil- 
moisture depletions. 


The work done so far in the three principal investiga- 
tions has been described in report No. 2 and in five subse- 
quent reports (2). Our efforts were directed almost exclu- 
sively to the analysis and interpretation of the vast amount 
of hydrologic, pedologic, and climatic data that was accu- 
mulated in the course of the last three decades, principally 
in the United States and in the Soviet Union. 

In preparing this paper, I have drawn freely on the re- 
sults of the investigations carried on under the contract with 
the Air Force. It is my purpose to demonstrate how the 
concept of evapotranspiration and knowledge gained from 
our recent work can be used in estimating the economic 
feasibility of supplemental irrigation. 

Supplemental irrigation — irrigation in regions with a 
good deal of precipitation during the growing season (we 
shall call them “humid” for short)— is basically different 
from irrigation in arid regions, where no appreciable precipi- 
tation can be expected during the growing season. In arid 
regions crop production is not possible without irrigation — 
you either irrigate or you don't farm. In “humid’’ regions, 
on the other hand, the need for irrigation is not always 
self-evident. When prices on farm products are high, the 
thoughts of forward-looking farmers in the humid regions 


This paper was presented at the winter meeting of the American 
Society of Agricultural Engineers at Chicago, Ill., December, 1953, 
as a contribution of the Soil and Water Division. 

The author — D. B. KrimGoLp — is principal research scientist, 
laboratory of climatology, The Johns Hopkins University. 

*Numbers in parentheses refer to the appended references. 

+The research reported in this paper has been made possible 
through support and sponsorship extended by the geophysical re- 
search directorate of the Cambridge Field Station, Air Material 
Command, U.S. Air Force, under Contract No. AF 19 (604)-193. 
It is published for its technical information only and does not rep- 
resent recommendations or conclusions of the sponsoring agency. 


turn to irrigation. When prices drop or when there are no 
visible signs of drought, the interest in irrigation ebbs. Thus, 
except for special locations and crops, supplemental irriga- 
tion in the United States has had a long history of boom 
and bust. 

The ready market and relatively high prices received by 
farmers for cattle, milk, and other products and the im- 
portant developments in sprinkler irrigation equipment, 
including pumps, pipes, couplers and sprinklers, are largely 
responsible for the latest boom in supplemental irrigation. 
But even with this phenomenal increase the total 1949 irri- 
gated acreage east of the Mississippi, not counting citrus 
irrigation in Florida, was still something of the order of 
250,000 acres out of a total of 122,000,000 acres of crop- 
land harvested. 

One of the reasons for the pitifully small proportion of 
irrigated land cast of the Mississippi is that we lack a suit- 
able method for assessing the economic feasibility of sup- 
plemental irrigation. The farmer who is trying to make up 
his mind whether or not to invest in an irrigation system; 
the irrigation equipment manufacturers, distributors and 
dealers who wish to maintain and expand their business; the 
banks that do the financing; the public utilities which may 
be planning to supply the power, and others directly and 
indirectly interested in supplemental irrigation — all need a 
reliable estimate of the economic feasibility of supplemental 
irrigation, as measured by the increase in net return over a 
period equal to the economic life of the installation. Such 
returns are determined by increased yields, improved quality, 
timely marketing, and prices received by farmers in relation 
to costs of production. We shall confine ourselves to the 
physical part and shall leave the prices and costs to those 
better qualified in the field of agricultural economics. 

Supplemental irrigation accompanied by adequate plant 
nutrient and proper cultural practices increases yields, im- 
proves quality, and regulates growth and maturity of crops 
by maintaining an optimum level of soil moisture in the soil 
and by ameliorating the agroclimate, i.e., the temperature in 
the root zone and the temperature and humidity in the layer 
of air near the ground where the plants live. 

Existing hydrologic and climatic evidence, if properly 
analyzed and adequately presented, would show that prac- 
tically everywhere in the humid region and nearly every 
year, the level of soil moisture falls short of the optimum 
necessary to attain maximum crop yields. Furthermore, with 
proper analysis it can be shown convincingly that the fre- 
quency of moisture deficiency in the humid region is such 
that the return on the investment in supplemental irrigation 
would compare quite favorably with the return from ferti- 
lizer, agricultural machinery, and other modern costly prac- 
tices which are no longer questioned. 

With farming rapidly assuming all the earmarks of 
modern industry—large efficient units, scientific management, 
ample initial investment and credit — it seems strange that 
supplemental irrigation should be much more subject to 
boom and bust than are machinery and fertilizer. The answer 
to this puzzle lies largely in that the various attempts made 
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thus far to demonstrate the continuous need for and con- 
: tinuous benefits from supplemental irrigation have not beer 
successful. They have not been successful because imperfect 
understanding of the relationship between plants, water, soil, 
and climate did not permit a clear statement of the problems 
involved. 

The great advances in agricultural hydrology and climat- 
ology made during the last three decades in the United States 
and elsewhere have brought about a radical change in the 
basic approach to supplemental irrigation. With the new 
approach based on a more complete understanding of the 
factors and principles involved, it is possible to set out 
clearly the physical conditions which must be met to insure 
financial success or economic feasibility of an irrigation 
installation in a humid region. 

The best way to accomplish this is first to ask ourselves, 
What ts it that we are trying to achieve with supplemental 
irrigation? The answer is: to obtain maximum crop yields 
by maintaining an optimum moisture content in the root 
zone. The next question is what constitutes an optimum 
moisture content and what is the root zone? 

For many years those concerned with irrigation and with 
soil moisture have accepted without much question the view 
that water in the soil is just as readily available to plants 
when the moisture content is near field capacity as when it 
is near the wilting coefficient. Considerable experimental 
evidence has been presented in support of this view. How- 
ever, the more we have learned about water properties of 
soils, the harder it has become to accept this thesis. Whether 
we think in terms of tension or in terms of thickness of the 
water films, the conclusion is the same. The mobility of soil 
moisture and, therefore, its availability must increase with 
the moisture content. Experimental evidence supporting this 
reasoning has existed for many years but somehow it has 
been overlooked. M. R. Lewis's results (3) published in 
1934 indicated that there is some level of moisture, con- 
siderably above the wilting coefficient, below which plant 
growth is impeded and crop yields are reduced. Bowen (4) 
in 1938 states: ‘In actual farming practice it is not advisable 
to permit the moisture to become depleted to the wilting 
point, as such a depletion will naturally retard growth. A 
better practice would be to irrigate at times when there is at 
least 0.5 in of water available for each foot of depth.” 


AWARENESS OF OPTIMUM MOISTURE CONTENT 


From his own work and from results reported by a num- 
ber of other investigators, Alptiev (5) concludes that the 
lower limit of the optimum range of soil moisture is 70 
percent of field capacity for clay loams, 50 percent for sandy 
loams and somewhat less than 50 percent of field capacity 
for sandy soils. Rode (6) discusses in great detail all the 
important experimental work on soil moisture — plant rela- 
tionships done in the Soviet Union, the United States, and 
elsewhere. From his own investigations and those of Litvi- 
nov (7), Kolotova (8), and Kokina (9), and by entirely 
independent reasoning involving only the physical proper- 
ties of soils, Rode arrives at the same values for the lower 
limit of optimum soil moisture as did Alpatiev (5), Ryzhov 
(10), and Zaitzev (11). Many recent articles in farm 
magazines and in trade journals indicate, on the part of 
farmers and practical irrigators, an increasing awareness of 
what we shall call the optimum moisture content of various 
soils. All this theoretical and experimental work and these 
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practical observations lead one to the conclusion that “opti- 
mum moisture content” is a reality and that for practical 
purposes its lower limits can be taken as 70 percent of field 
capacity for fine-textured and 50 percent for coarse-textured 
soils. 

Root zone is a concept which requires some clarification. 
There are a good many estimates of the root zones of various 
plants. Davis (12) reports the “depth of rooting of crops in 
Michigan” under three headings: very shallow, less than 
18 in; shallow, 18-36 in; moderately deep, more than 36 in. 
Tate quoted by Houk (13) reports root zone depths of 
vegetables “under favorable soil conditions in Arizona” 
under the following headings: shallow rooted, 0-2 ft; 
moderately deep-rooted, 0-4 ft; deep-rooted, 0-6 ft. These 
ranges in depth given by Tate imply variable root zones 
which are much more realistic. The root zones of all annual 
crops obviously vary from nearly zero to some depth that 
depends partly on the crop but principally on the texture and 
structure of the soil. Studies of root ramification too numer- 
ous to quote here all point to the same conclusion, namely, 
that more than 75 percent of the roots and probably more 
than 90 percent of the root hairs of most crops are found in 
the upper 2 ft of the soil. 


RELATION BETWEEN ROOTS AND AVAILABLE MOISTURE 


Rode (6) has this to say about the relation between roots 
and available moisture: “We know that water enters the 
roots through root hairs which have a diameter on the order 
of 0.01 mm. Only that portion of the soil water that comes 
in direct contact with the root hairs can be utilized by the 
plant. But we know that the cross section of soil pores 
particularily in fine-textured soils is often considerably 
smaller than that of the root hairs... . Obviously the water 
contained in such pores can be utilized by the root hairs 
only when this water moves towards them under the influ- 
ence of some force or other.’” Houk (13), referring to the 
Bureau of Reclamation Bulletin No. 2 and to Pillsbury, states 
that “in a deep sandy loam in Scotts Bluff, Neb., potatoes, 
oats, and sugar beets obtained 80 percent of their moisture 
from the upper 2 ft and a little more than 90 percent from 
the upper 3 ft.” Thornthwaite and Mather (14), quoting 
several sources, give data for cotton, alfalfa, and mature 
orange trees. Table 1 is adapted from their data. 


TABLE 1. PERCENTAGE OF WATER OBTAINED BY 
PLANTS FROM THE UPPER 2 AND 3 FT 
Percent of water from 
Crop Soil 2 feet 3 feet Third foot 


Cotton Heavy clay 88 6 
Cotton Sandy loam 82 20 
Cotton Clay loam 76 17 
Alfalfa Fine sandy loam 77 15 
Mature oraigetrees Sandy loam 82 15 


The relative amounts of moisture derived from each suc- 
cessive foot of soil, coupled with recent information on the 
movement of water in soils (a complete discussion of which 
is reserved for a later paper), suggest that practically all the 
water used by plants is derived from the zone of greatest 
root ramification plus a tributary zone which is about 35 cm 
or 14 in. It is somewhat greater for fine-textured soils and 
somewhat less for coarse-textured soils. The work of Rode 
(6), Bol’shakov (15), and Abramova (16) suggests that 
the proportion of water in the tributary zone that can move 
freely into the root zone proper is approximately 30 percent 
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of ficld capacity for heavy soils and 50 percent for light 
soils. Several checks made at Seabrook, N. J., under the 
author's direction confirmed the concept of the “effective 
root zone’. 

With these concepts cleared up, we now find ourselves in 
pretty much the same position as the river hydrologist who 
tries to estimate expectancies of floods. He is not always 
fortunate to have enough past records of river stages. Quite 
often he must derive his floods from past records of rainfall 
and other elements for which records are more generally 
available. Our problem is analogous, except that we never 
have a sufficient record of soil moisture and must always 
derive our values of moisture deficiency from other more 
readily available data. 

To determine what data we may use, we must first set 
up a functional relationship between soil moisture and the 
factors which determine it. In the simplest possible terms 
this relationship can be expressed in the following manner: 


M..= Mi,4 (P—E) * tt} 


In this expression M;, and M,, are the moisture contents of 
the soil at consecutive times #; and fz. P is the “effective 
precipitation’ during the period /,—?, and E is the evapo- 
transpiration during the same period. 

The term “=ffective precipitation” will be explained be- 
fore proceeding much further. Soil moisture is divided into 
several categories. Rode (6) lists six major ones. The sixth, 
which he calls “free water’, is subdivided into five sub- 
categories. In many practical problems including irrigation 
we are primarily concerned with the two subcategories 
known as field capacity (FC) and wilting coefficient (WC), 
the latter being the level below which soil moisture becomes 
practically constant under natural conditions. In soils suit- 
able for irrigation, the commonly known well-drained soils, 
moisture in excess of field capacity is transitory, remaining 
in the soil for only short periods of time. Therefore, any 
amounts of precipitation greater than the difference be- 
tween field capacity and the actual moisture content of the 
soil need not be considered. 


SUMMER PRECIPITATION RATES 


In regions like the eastern United States an appreciable 


the infiltration capacity of the soil even when its moisture 
content is below field capacity. On level or nearly level ridge 
land such intense rainfall results in only temporary ponding 
on the soil surface. On sloping portions of a field this part 
of the rainfall runs off and the effective precipitation is less 
than the recorded by an amount equal to the runoff. On 
level portions of a field receiving runoff from adjoining 
sloping parts, the effective precipitation is greater than the 
recorded by the amount of runoff from the tributary area. 
Krimgold and Beenhouwer (17) recently analyzed the infil- 
tration data obtained by Free, Browning, and Musgrave in 
1937 (18) and similar data reported by Mamanina (19) in 
1951. This analysis resulted in a set of quantitative expres- 
sions from which required values of infiltration rates can 
be determined for a wide range of soils in the humid regions 
of the United States. The investigation carried out by the 
author in connection with the Air Force contract (2, 20) 
resulted in expressions from which amounts of rainfall oc- 
curring at rates greater than any given infiltration capacity 
can be estimated from total rainfall and air temperature. 
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From what we said it follows that, if we begin with a 
date at which the soil is at field capacity, we can rewrite our 
expression in the following manner: 


M.=(FC)—(E,—P:) [2] 


In this expression M, is the moisture content in the effective 
root zone at the end of any period; FC is the moisture con- 
tent at field capacity; E, and P, are evapotranspiration and 
effective precipitation and E,—P, is the moisture depletion 
for the period ¢. A moisture deficiency exists after M, be- 
comes less than K (FC), the lower limit of the optimum 
range—the coefficient K being 0.5 and 0.7 for coarse-textured 
and fine-textured soils, respectively. For moisture contents 
between M, =K (FC) and M,S WC, the moisture de- 
ficiency (MD,) is equal to E,—P;. MD cannot be greater 
than K (FC)=WC, because, after the wilting coefficient is 
reached, soil moisture is affected but little by either tran- 
spiration or evaporation. 


DAILY MOISTURE DEFICIENCIES 

With the large amount of information now available we 
can determine or estimate FC and WC. We can select the 
proper value for K and, where necessary, determine the 
effective precipitation P. But we still cannot determine daily 
moisture deficiencies unless we have a method for deriving 
values of evapotranspiration from other readily available 
data. To be suitable for our purpose such a method must 
meet the following requirements: 

1 It must be capable of giving daily values. 

2 It must involve factors which do not vary too widely 
in space and for which reliable data are available at a maxi- 
mum number of locations. 

3 It must give values of evapotranspiration of an ac- 
curacy comparable to that attainable in the determination of 
the other factors involved—field capacity, wilting coefficient, 
and effective precipitation. 

4 The computations involved must not be overly com- 
plicated or time-consuming, or must be capable of being 
reduced to time-saving nomograms and tables. 

Blaney and Criddle (21), Penman (22), and Thornth- 
waite (23) have devised formulas and methods for estimat- 
ing evapotranspiration from existing data. Of these Thornth- 
waite’s method appears to meet the four requirements best. 
An added advantage of this method is that the greatest part 
of the work involved has already been done for all U.S. 
Weather Bureau stations in the United States and numerous 
stations in other parts oi the world so that evapotranspiration 
can be computed readily for a large number of locations. 
The author's experience with the formula indicates that it 
requires some refinement and revision. This view is shared 
by the formula’s originator under whose direction a great 
deal of work is now being done to eliminate the shortcom- 
ings. However, the numerous tests to which the formula has 
been subjected suggest that, even in its present form, it 
gives acceptable values for summer months. 

Thornthwaite (23) developed his formula and his meth- 
od primarily to determine what he calls ‘'the moisture factor 
in climate,” which he used as a basis for his climatic classifi- 
cation of 1948. For this purpose he quite legitimately re- 
sorted to a number of generalizations. One of them is that 

. regardless of its texture the soil reservoir contains only 
10 cm of water on which plants can draw” (24). This state- 
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ment has been hotly disputed by agronomists and_ soil 
scientists, some of whom used it as an excuse for rejecting 
Thornthwaite’s method, thus depriving themselves of a very 
useful tool. This of course is absurd, because the assumption 
of 10cm (4 in) has nothing to do with the validity of the 
formula for computing evapotranspiration and because, as 
is amply demonstrated in this paper, it does not necessarily 
enter into the computation of moisture deficiencies. 

One could legitimately question another implied assump- 
tion, namely, that evapotranspiration takes place at the same, 
maximum (potential) rate over the entire range of soil 
moisture, from the wilting coefiicient to field capacity. But 
even this objection is not too serious when the formula is 
used as in this paper. 

There is still another frequently voiced objection to both 
Penman’s and Thornthwaite’s assumption namely, that un- 
der the same climatic conditions all plants transpire essential- 
ly the same amounts of water when the moisture supply is 
unrestricted. The author scrutinized closely the “monthly 
measured evapotranspiration at Seabrook, N. J.,"° reported 
by Thornthwaite and Mather (14) and the more detailed 
information on crop conditions and computed evapotranspir- 
ation (25). A comparison of the August records from the 
evapotranspirometers, which were in corn in 1948, with the 
records for 1949, when they were in lima beans, shows no 
difference in the monthly use of ‘water between these two 
crops that could not be well accounted for by differences in 
meteorological conditions. However, the records for 1950, 
when all the evapotranspirometers were in grass, show a 
somewhat higher evapotranspiration in August even though 
the meteorological conditions, as indicated by computed 
evapotranspiration, would call for somewhat lower values. 
Measurements of soil moisture made under the direction of 
the author in July, 1953, on adjacent irrigated fields of snap 
beans and sweet corn in comparable stages of growth indi- 
cate a higher use of water by corn than by snap beans. 
Alpatiev (5) studied this problem in the vicinity of Lenin- 
grad where soil moisture conditions during the growing sea- 
son are normally within the “optimum range”’ as defined in 
this paper. His results indicate no differences between 
evapotranspiration by the following crops—barley, peas, 
buckwheat, flax, potatoes, sunflowers, and cabbage—that 
cannot be ascribed to differences in meteorological condi- 
tions (temperatures, winds, etc.). 


USE OF WATER BY VARIOUS PLANTS 

The evidence is thus still inconclusive; it does, however, 
by and large appear to support the view that under potential 
conditions, which are fairly well APPFOXi- ——swrective 
mated with good irrigation practices, the dif- root zone, in 
ference in use of water by various plants at 10 
comparable stages of growth may not be as 28 
great as some people believe. The satisfactory 


TABLE 2. MARCH-NOVEMBER PRECIPITATION AT 
BRIDGETON, N. J., 1931-1952, IN RELATION 
TO THAT FOR 1883-1952 (67 YEARS) 
(No record for 1925, 1928, 1929) 
Order of March-November Order March-November 
magnitude Year precipitation, in of Year precipitation, in 
magnitude 

1934 42.04 33 1950 33.37 
1948 42.01 45 1937 33.01 
1938 39.68 36 1946 33.00 
1940 39.48 : 1942 32.68 
1935 39.25 +1 1951 41.86 
1944 38.21 44 1931 30.62 
1933 36.64 46 1939 30.35 
1945 36.51 51 1949 28.97 
1936 35.81 S4 1947 28.47 
1952 35.60 57 1941 27.07 
1932 34.79 58 1943 26.66 


With the problem stated in terms of functional relation- 
ships and with means available for expressing these rela- 
tionships in terms of readily available data, our task resolves 
into (a) computing moisture deficiencies for cach of a num- 
ber of representative years, (b) expressing them in a man- 
ner suitable for probability analysis and (c) determining the 
expectancies for deficiencies of varying degree. 

The relationships clucidated in this paper were utilized 
in determining the feasibility of supplemental irrigation on 
the light-textured soils of Seabrook Farms. The crops grown 
on these soils include peas, sweet corn, beets, broccoli, snap 
beans, lima beans, spinach, and other vegetables, as well as 
cover crops such as rye, clover, and ryegrass, all with root 
zones of approximately 0-18 in. The tributary zone for 
these light soils was estimated to be 101n. The effective 
root zone, therefore, varies from 10 in at planting time and 
for a short period thereafter to 28 in when the crops are 
well established. With successive plantings and two crops 
per year, the growing season is from March to November. 
Field capacity of the several soils included under the ‘light 
soils’ at Seabrook varies from 0.13 in per in for Sassafras 
loamy coarse sand to 0.17 in per in for Sassafras coarse sandy 
loam. The mean value of 0.15 in per in was used for the 
entire group. The wilting coefficient is 0.04 in per in. There 
are no important changes in the texture of these soils within 
the first 3 ft. Field capacity of the effective root zone, there- 
fore, ranges from 1.5 in (10 x 0.15) during the early stages 
of growth to 4.2 in (28 x 0.15) during the period of normal 
depth of root penetration which for most crops begins two 
or three weeks after emergence. In accordance with our 
scheme the limiting values of moisture for the root zones 
are as follows: 

FC, we, LOR~K(FC), MD=LOR-WC, 
in/in in in/in in K in 


O39 1:3 0.04 0.4 0.5 : 0.35 
0.15 42 0.04 1.12 0.5 , 0.98 


Note: In the above table FC = field capacity, WC = wilting coefficient, LOR = 


agreement between measured soil moisture lower limit of the optimum range of moisture, MD = maximum moisture deficiency, 


during summer months and values computed 
by Thornthwaite’s method suggest that the error due to 
neglecting the difference in water use by various crops 
is much smaller than that introduced by trying to eliminate 
it with “‘crop-consumptive use coefficients”. The “computed” 
and ‘‘corrected’’ deficiencies in Table 2 of Allred and Chen 
(26) suggest that these “‘coefficients’’ when applied in 
“humid” regions result in values that are not of the proper 
order of magnitude. 


and the coefhcient K=0.5. 


The temporary, shallow effective root zone must be con- 
sidered in estimating economic feasibility, because deficien- 
cies during germination and early stages of growth always 
affect ultimate yields adversely. For this reason moisture 
deficiencies were computed and analyzed for both root zones. 
In the computations for the 10-in root zone Thornthwaite’s 
formula must be corrected during periods when the surface 
of the soil is dry. Space will not permit discussion of this in 
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TABLE 3. MOISTURE CONTENT IN LIGHT SOILS, 
SEABROOK, N. J. 
Effective root zone= 28 in, May, 1939 
FC=0.15 in/in FC = 4.20 in 
WC = 0.04 in/in WC=1.12 in 


K=0.5 MD LOR = 2.10 in 


Moisture deple- : 
tion and Moisture Moisture deficiency 


accretion, content, daily, accumulated, 
E-P, in in in 


0.98 in 


Evapotran- Precipi- 
spiration, tation, 
E, in P, in 

O05 ‘i 05 

06 

© 06 

OD 


ee tt tt ts ts tN I IN Se 


detail. The procedure followed for the shallow root zone, 
except for the correction referred to above, is identical with 
the one outlined for the 28-in zone. 

In determining feasibility, it is important to select a 
representative period so that the moisture deficiencies de- 
rived from the data will represent a good sample of past 
experience. Since temperatures do not vary nearly as much 
as precipitation, it was the latter that was considered in se- 
lecting the period. An examination of the 67-year record at 
Bridgeton, N. J., indicated that the 22-year period 1931- 
1952 might prove adequate. The March-November precipi- 
tation for each year and the 
order of magnitude of each 
value in the longer 67-year 
period are shown in Table 2. 
The daily evapotranspiration 
for the provisionally selected 
period was computed with 
Thornthwaite's formula. What 
he aptly called a“'simple book- 
keeping procedure’ was used 
to obtain daily values of mois- 


TABLE 4. 
Accum. 
deficiency, deficiency, 

Year in no. 
1943 
1947 
1940 
1935 
1949 
1941 
1952 
1939 
1942 
1944 
1937 
1932 
1951 
1931 
1950 
1948 
1936 
1934 
1945 
1938 
1933 


1946 


94.4 102 
106.4 121 
51.8 60 
54.3 66 
110.0 135 
90.7 

91.6 


ture depletion. Beginning on 
March 1, when the soil was 
at field capacity, an ordinary 
ledger was kept in which ef- 
fective precipitation was add- 
ed and evapotranspiration sub- 
tracted. The algebraic sum of 
the two was the accretion or 
depletion of soil moisture. For 
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the nearly level soils at Seabrook the recorded precipitation 
was assumed to be equal to the effective precipitation. 

The first five columns in Table 3 illustrate the book- 
keeping procedure essentially as used by Thornthwaite. The 
accumulated daily deficiency divided by the number of days 
with moisture deficiency represents a numerical index of 
the degree of deficiency. Thus the accumulated deficiency of 
5.95 in in Table 3 divided by 11 days gives an average daily 
deficiency of 0.54 in in the 28-in root zone, a little over half 
the maximum possible moisture deficiency of 0.98 in. This 
value indicates that, without irrigation, crops in 1939 did 
well until May 21st but suffered a serious setback during 
the last ten days of May. Computations similar to those 
shown in Table 3 were made for each day of the 22 years 
and average moisture deficiencies were computed for each 
of 22 growing seasons (March-November). These values, 
arranged in order of magnitude together with other pertinent 
information are shown in Table 4. In Fig. 1 are shown the 
expectancies of various moisture deficiencies. The distribu- 
tion of the plotted points confirms the adequacy of the se- 
lected period of record. From Table 4 and Fig. 1 we find 
that deficiencies occurred in each of the 22 years. The num- 
ber of days with moisture deficiencies ranged from 42 in 
1934 to 135 in 1949. An average deficiency of 0.46 in can 
be equalled or exceeded 99.9 percent of the years, i.e., prac- 
tically every year. Fifty percent of the years, i.e., every other 
year, one could expect the deficiency to be equal to or greater 
than 0.74 in, which would result in a serious reduction in 
crop yields. These conclusions from our analysis are amply 
supported by actual practice in the part of southern New 
Jersey where irrigation is a common practice and where all 
large commercial truck crop farms, including Seabrook 
Farms, have used supplemental irrigation and found it prof- 
itable in ‘‘wet’’ and “‘dry” and in ‘good’ and “'bad”’ years. 

The most important implication of this paper is that with 
satisfactory methods of deriving values of evapotranspira- 
tion, soil moisture, and effective precipitation from readily 
available data, it is now possible to solve many problems in 
agricultural climatology and agricultural hydrology that have 
defied adequate solution. With proper allowance for soils, 
crops, and the practical aspects of water application, we can 
now schedule irrigation without costly time-consuming field 
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PERCENT OF TIME - OCCURRENCE 
Fig. 1 Expectancies of average moisture deficiencies 
determinations and with confidence that the results will be 
at least as good as those obtained with various devices such 
as tensiometers, resistance blocks, etc. 

The great majority of practical problems involve risks 
which can be evaluated rationally only by estimating prob- 
abilities of occurrence or expectancies. With records of tem- 
perature and amounts of rainfall we now can estimate with 
acceptable accuracy such important factors as the expectancy 
of amounts of surface runoff, stream flow, evaporation from 
water surfaces, dependability of water supply, optimum 
times of scedbed preparation and planting, probable dates 
of maturity and harvest, and can obtain a great many other 
vital items of information that are required for proper plan- 
ning and successful execution of a modern agricultural enter- 
prise—one of the most, if not the most, complex undertaking 
of our civilization. 
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Farm Dairy Buildings 
(Continued from page 21) 

5 Decrease the investment cost of dairy buildings. This 
also offers an opportunity for important research and engi- 
neering design. Most of the annual cost is fixed by overhead 
in the form of interest and depreciation or by cash expense 
for taxes and insurance. The objective should be an invest- 
ment such that the annual building cost would not exceed 
about 10 percent of gross income. Under the conditions 
of this study the investment should not be more than the 
estimated replacement cost of $375 per animal unit for 
present structures. 

In the research study it was found that building inven- 
tories varied only slightly with differences in herd size. The 
age of the barns, their replacement cost or the structural 
quality of the buildings appeared to have little relation to 
functional utility. Space was wasted in haylofts and on 
farms where small herds were housed in remodeled barns. 
Crowded conditions showed lack of flexibility. Decisions 
based on suitable plans, engineered design, and research 
findings should result in more flexible buildings, greater 
economy, and better functional characteristics. 

The analysis of functional utility indicated that the 
greatest needs for improvement were in dairy stalls, man- 
gers, alleys, gutters, water protection, external layout, clean- 
ing operations, and facilities for cleaning cows. These are 
problems that can be solved by planning without much 
increase in the investment cost. 

The planning suggestions offered to overcome deficien- 
cies observed in the study were centered on such improve- 
ments as (1) loose-housing designs, with elevated stalls, 
(2) arrangements to permit expansion of a herd with 
minimum addition of structures, (3) flexibility in the use 
of buildings, (4) ground-level hay storage, (5) remodeling 
to obtain better travel routes or better use of space, (6) 
one-story stall barns or open-shelter buildings, and (7) 
organization of yards and buildings for labor efficiency. 
These should be continuing problems in farm structures. 
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Culverts as Water Runoff Measuring Devices 
W. O. Ree and F. R. Crow 


ASSOC 


WAY to use highway culverts to measure runoff 
rates is described in this paper. The motive for this 
study was the need for runoff data from small water- 

sheds in all sections of the country. Since the rectangular 
highway culvert is also distributed nation-wide, its use for 
this purpose was practically self-suggestive. Furthermore, 
studies of the hydraulics of the highway culvert showed 
that, under certain conditions, it could be a good flow meter. 
This combination of indicated that here 
would be a rewarding field for research. Accordingly a 
cooperative study along this line was undertaken jointly by 
the Soil Conservation Service of the U. $. Department of 
Agriculture and the Oklahoma Agricultural Experiment 
Station, As a result of this study, a simple, relatively inex- 
pensive flow gaging station has been developed using thc 
The 
method has been field tested by employing it on three small 
watersheds near Stillwater, Okla. 


circumstances 


highway culvert as the primary measuring device. 


Present knowledge of the hydraulic behavior of culverts 
makes their use in hydrologic investigations practicable. 
Mavis(1)* has shown that the discharge through culverts 
flowing part full and with frec outfall is dependent only on 
the upstream water-surface elevation. The relationship be- 
tween depth of water above culvert entrance and the discharge 
rate is well defined and stable, provided that flow depth 
downstream from the culvert entrance is less than critical 
depth. Thus a single measurement of the depth of water 
upstream from the culvert entrance will determine the dis- 
charge rate. After a culvert entrance has been calibrated a 
depth-recording gage placed immediately upstream will 
obtain the necessary runoff data. Fig 1 shows a rectangular 
concrete culvert being used as a gaging station. 

Culverts which have a free outfall are preferred for 
flow-rate measurement. However, some of those that flow 
part full and partially submerged can also be used, provided 
that submergence at the outlet does not result in flow depth 


This paper was presented at the annual meeting of the American 
Society of Agricultural Engineers at Pittsburgh, Pa., June, 1953, as 
a contribution of the Soil and Water Division. 

The authors —W. O. REE and F. R. Crow — are, respectively, 
project supervisor, Stillwater Outdoor Hydraulic Laboratory, Soil 
Conservation Service, U.S. Department of Agriculture, and, assistant 
professor of agricultural engineering, Oklahoma A. & M. College. 


*Numbers in parentheses refer to the appended references. 
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greater than critical depth immediately downstream of the 
culvert entrance. 

A modification of the standard culvert is needed if very 
small rates of flow are to be measured accurately. A practi- 
cal answer to this problem is the weir sill devcloped by 
Villemonte(2). A modification of this sill in place ina4x8 
ft concrete culvert is shown in Fig. 2. The Villemonte weir 
sill consists of two triangular, tapered, converging sills 
placed on the culvert floor at a 30-deg angle to the direction 
of flow, with a narrow opening left between them. This 
narrow opening, or throat, controls the depth of small flows 
which pass through it, causing the flows to be of measure- 
able depth. As the flow rate increases, the weir sills are 
submerged and the control gradually passes to the culvert 
entrance. Thus a culvert, which flows part full with free 
outfall and which is provided with a weir sill, is a good 
flow meter. Discharge rates from the very low to the max- 
imum capacity of the culvert can be measured with satis- 
factory accuracy. 

The Villemonte weir sill was chosen for this study for 
several reasons. First, the form of the weir sill was accepted 
on the basis of the previous studies. Second, the weir sill 
does not reduce the maximum capacity of the culvert in 
which it is placed. Finally, because of its shape, the sill will 
not become fouled easily with debris, nor will the throat 
become clogged with sediment. 

The sill used in these experiments is very similar to the 
Villemonte weir sill. It differs in being about one and one- 
half times as large in height and in throat opening as the 
Villemonte sill for a culvert of the same width. Fig. 3 
shows a sketch of the weir sill, which has been standardized 
with all dimensions being proportional to the culvert 
width, W. 

Models of culverts equipped with weir sills were con- 
structed and tested. The objectives of these experiments 
were to determine: (a) a location for the weir sills near 
the culvert entrance that would not adversely affect the 
hydraulic performance of the sills or the culvert, (b) the 
head-discharge relationship of culverts equipped with weir 
sills, (c) the effect of culvert slope on the head-discharge 
relationship, (d) the effect of the culvert shape on the 
head-discharge relationship, and (¢) the minimum measur- 
able discharge rate for weir sills on various culvert slopes. 


2° em 


Fig. 1 (Left) The entrance of a 4-ft deep, 8-ft wide rectangular highway culvert a a with weir sills, depth-recording gage, and gage 


well e 


Fig. 2 (Right) Precast weir sills installed in a 4-ft deep 


y 8-ft wide highway culvert 
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Two model setups were used in these studies, one 
indoors and the other outdoors. Low-flow tests were made 
on the indoor model while the moderate and high-flow tests 
were conducted on the outdoor model. 

The outdoor setup is shown in Fig. 4. The model in 
place for testing is an 8-in full model. This particular 
model was the first one tested and served as a pilot mode! 
for subsequent experiments. 

Fig. 5 shows one-half of a 16-in wide culvert in position 
for testing in the indoor setup. By using the half modcl 
the water-surface profile could be viewed through the glass 
panel placed along the center line of the culvert. Similar 
half models were used in the outdoor sctup for all tests 
except those on the pilot model. 

Essentially cach model setup consisted of a source of 
water with a constant head, a rate-mcasuring flume, an 
entrance forebay equipped with suitable baffles, a depth 
recorder to indicate when steady flow existed, the culvert 
model, and a profiling apparatus with a peint gage measur- 
ing to the nearest 0.01-in mounted over the model. This 
profiler permitted measurement of the slopes and depths of 
water at any point in the model. The top was left off the 
model so that these measurements could be made. Where 
full flow was anticipated the top was fixed in place. 

The floors of all models, except the pi.ot model, were 
hinged at the entrance to permit testing on varicus slopes up 
to 6 percent. AIl models were constructed of white pine, 
sanded smooth, and coated with two coats of spar varnish. 
Dimension changes during testing were negligible. Culvert 
entrances were square edged at the top and had 30-deg angle 
wing walls at the sides with sharp corners at the junction. 

Sixty-two different arrangements of the culvert models 
were tested. These covered culvert floor slopes from zero 
to 6 percent, and ratios of culvert depth to width from 
0.375 to 1.5. Each of these arrangements was subjected to 
about 25 test flows ranging from a practical minimum to 
the maximum capacity of the model. 


RESULTS OF MODEL EXPERIMENTS 


The first model tested was one without weir sills. These 
tests were made to provide the necessary comparison for 
culverts with weir sills. Also studies were made of the 
water-surface profiles 
these first tests to deter- 
mine a probable good 
location for the weir sills. 


Fig. 6-A shows the 
head-discharge relation- 
ship of a typical concrete 
culvert 8 ft wide, 4 ft 
deep, and without weir 
sills. Note that in this 
figure the head is re- 
ferred to culvert floor 
at the culvert entrance. 
With a floor slope of 2 
percent and a free out- 
fall the culvert barrel 
flowed part full even 
when the entrance was 
submerged. The entrance 
alone thus controlled the 
head-discharge relation- 


Fig. 4 The outdoor model setup. The 
model in place is a full culvert 4 in 
deep and 8 in wide 
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Dimensions of model weir sills 


ship. It is evident that two laws governed the flow. Critical 
depth of the entrance cross section controlled the flow until 
the culvert entrance was submerged. The actual discharge in 
this range agreed within one percent with the theoretical dis- 
charge if flow depth at cntrance is assumed to be at critical. 
Flows submerging the entrance occurred as sluice gate or 
orifice flow. 

Observations of the water surface profiles in the culvert 
suggested that the weir sills be located with the throat a 
distance 14 W downstream from the culvert entrance. All 
subsequent tests were made with the weir sitls at this loca- 
tion. The sills were far cnough downstream to prevent 
choking the culvert entrance yet near enough to the entrance 
to enable head measurements to be made upstream. Fig. 6-B 
illustrates the effect of the weir sills on the changing of the 
flow control as the discharge rate increases. The head for 
this plotting is referred to the culvert floor at the weir sill 
throat. Low flows are controlled by the weir sill throat with 
control shifting gradually to the culvert entrance for higher 
flows. Throughout these shifts of control the flow condition 
is stable and only one discharge rate is possible for a given 
head. The culvert barrel flowed part full throughout this 
range. 

The advantage of the weir sill is the more accurate 
measurement of the low flows. However, a disadvantage 
is also evident from Fig. 6-B. The rating curve is very flat 
for part of the intermediate flow rates. In this range a 
culvert with weir sills is a less sensitive measuring device 
than one without. 

To provide a direct comparison of the curves on Figs. 
6-A and 6-B these curves are plotted again on Fig. 7 to a 
common datum, with head being referred to culvert throat 
at entrance. Evident immediately is the coincidence of the 
two curves when the submerged flow condition is reached. 
Thus the presence of the weir sills does not reduce the 
maximum capacity of the culvert. 


Fig. 5 Indoor model setup. The test flow is confined to the weir 
sill throat. The point gage for depth measurement is upstream of the 
weir sill throat and downstream of the culvert entrance 
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Fig.6A (Left) Generalized head-discharge relationship of culvert without weir sills ¢ 
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Fig. 6B (Right) Generalized head-discharge 


relationship of culvert with weir sills 


A plotting of the data from the experiments on culverts 
on a 2 percent floor slope is shown on Fig. 8. (The plot- 
tings for the experiments on the other slopes are omitted 
for brevity’s sake. A technical bulletin giving all results is in 
process of publication.) The points are actual observations. 
The dashed lines are the plots of the equations which are the 
best fit of the data. Where a simple functional relationship 
existed between head and discharge rate the equation was 
derived by analytical means and the coefficients and expo- 
nents evaluated by statistical methods. In the transition zones 
no attempt was made to write the equation for the head- 
discharge relationship. Instead the observed points are con- 
nected with a solid line which represents the best visual fit. 

The data are presented in dimensionless form. Culvert 
width is the base dimersion. Thus head is expressed at the 
ratio of head to culvert width, or 4/IV’. Discharge is the 
ratio of discharge rate to culvert width to the five-halves 
power, or O/W°/*. The culvert cross-section is described 
by the ratio D/W, where D is the depth of the culvert. 
Expressed in this form the data are of greatest usefulness 
and can be readily adapted to any width culvert. 

The head on a culvert equipped with weir sills ts 
defined as the difference in elevation between the floor of 
the culvert at the weir sill throat and the level water surface 
a distance 1’ W upstream from the culvert. This method 
of head determination is satisfactory for the flows controlled 
by the weir sill. When the control shifts to the culvert 
entrance, the proper reference point would be the culvert 
floor at entrance. Or if the orifice-flow law governed, the 
proper head reference point would be the elevation of the 
center of the culvert opening. Since changing the point of 
zero head for each type of flow would be confusing, all 
heads are referred to the culvert floor at the weir sill throat. 

The Rating Curve of the Culvert with Weir Sills. As 
previously mentioned the flow control shifts from the weir 
sill throat for low flows to the culvert entrance for higher 
flows. Flows resulting from heads less than 4/W = 0.113 
are contained within the weir sill throat. This part of the 
head-discharge curve plots as a straight line on logarithmic 
paper and can be expressed by the equation 

O/W = 2.404 (b/W )?% 

This equation applies to all slopes tested. 


Flow for heads of 4/W = 0.113 to 4/W = 0.18 is 
through a combination of the trapezoidal section and the 
flat V-notch section of the weir. This combination of con- 


trols results in a skewed head-discharge curve for which 
no equation has been derived. A photograph of this flow 
condition is shown in Fig. 9. 

When flow depths exceed 4/W = 0.18, the entrance 
begins to exercise some control over the flow, although the 
sills remain the primary control. As the stage increases the 
primary control gradually shifts to the culvert entrance. 
When this occurs, critical depth flow governs, provided that 
the culvert slope is equal to or greater than the critical 
slope and that the culvert has a free outfall. 

When flow depths become great enough to submerge 
the culvert entrance, a marked change occurs in the head- 
discharge relationship, as indicated by the steeper lines on 
Fig. 8. The data for these tests were analyzed by assuming 
that the orifice flow law governed the head-discharge rela- 
tionship. By plotting the values of Q/W? against the 
corresponding values of 4,/W’, where 4, is the head with 
respect to the center of the opening and where S is the slope 
of the culvert floor expressed in percent, there results the 
following equation: 


Q/W*/?=4.416 (D/W) 2 $0.98 D/W (b,/W 588 


The dashed lines in the orifice flow range on Fig. 8 are 
gtaphical representations of this equation, and in general 
the fit of this equation to the data is good. Note that the 
culvert barrel still flowed part full. Also for submerged 
entrance flow a culvert floor slope greater than critical is 
not a necessary requirement for entrance control. This 
equation also applies to all slopes tested. 
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Fig. 7 Comparison of the rating curves for a culvert with and 
without weir sills 
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attached to the culvert sides and 
floor with mortar. No other an- 
chorage was used. 


The prefabrication of weir sills 
may be easily accomplished by mak- 
ing use of a right-angle trough form, 
the bottom corner of which is used 
as the reference line for all layout 
dimensions. Fig. 11 shows the 
trough form and the layout dimen- 
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Fig. 8 Dimensionless rating curve for culvert with weir sills. Culvert floor slope is 2 percent 


Effect of Culvert Slope on Minimum Measurable Dis- 
charge Rate. Since the datum for head measurement, the 
weir sill throat, is lower than the culvert entrance, there is 
some minimum head at the gaging station representing the 
beginning of control by the weir sills. The sill docs not 
control the upstream-flow depth until the backwater curve 
from the weir sill submerges the culvert entrance and 
extends to the gage well. This minimum measurable head 
will depend on the culvert slope, since the steeper the 
culvert the lower the weir sill throat will be below the 
entrance. The values of the minimum measurable dis- 
charge rates corresponding to these heads for the various 
slopes were determined from the rating curves similar to 
Fig. 8. The point at which the rating curve breaks away 
and becomes nearly horizontal in the very low flow range 
is the point where flow control by the weir sill throat ceases. 
Fig. 10 shows the logarithmic plot of the values of O/W’*/? 
and their corresponding culvert slope. 

Construction and Installation of Weir Sills. Prefabri- 
cated weir sills constructed of light-weight aggregate con- 
crete were installed in concrete culverts as measuring devices 
for three experimental watersheds in March, 1952. The 
culverts selected included a 4-ft high by 8-ft wide twin 
barrel, a 4-ft high by 8-ft wide single barrel, and a 3-ft high 
by 3-ft wide single-barrel culvert. The sills for the 8-ft 
wide culverts were each cast in two sections while each sill 
of the 3-ft culvert was cast in one piece. The sills were 
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Fig.9 A profile view of a low flow passing over the weir sills and 
controlled by them 


sions for prefabricating the weir 
sills. Removable bulkheads are set in 
position to form the ends of the sill. 
The rounded crest of the weir sill 
can be formed by fastening a piece 
of sheet metal, curved to the proper 
radius, to the sides of the trough 
form. For the smaller sills a length 
of pipe of proper outside radius may be anchored to the con- 
crete sill to form the weir sill crest. (Continued on page 39) 
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Fig. 10 Dimensionless plotting of minimum 


measurable discharge rates for culverts equipped 
with weir sills for various floor slopes 
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Fig. 11 Details of right-angle trough form for casting concrete sills. 
Values of the layout for an 8-ft culvert width are shown in Table 1 
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Flexible Pipe for Irrigation Water Under Low Pressure 
Vaughn E. Hansen 


MEMBER ASAE 


FABRIC pipe for use in irrigation was recently placed 
on the market under the trade name ‘Fibrylon Irri- 
gator. It has a light-weight fabric base of spun glass 

with vinyl coating both inside and outside, is manufactured 
in sizes from 314 to 16 in in diameter, and may be obtained 
with or without attached spiles for row distribution. It was 
introduced as a means of conveying and distributing irriga- 
tion water under low pressure for surface irrigation when 
other methods are not satisfactory. 


The manufacturer claims a number of advantages for 
this product, namely: it saves water through climination of 
conveyance losses, it saves time and fuel since long ditches 
necd not be filled, the system serves rolling land where 
ditches may be impractical, little head land is wasted as is 
usual with ditches, the maintenance problem associated with 
irrigation ditches is eliminated, and the system is easily 
portable. The product is advertised as fire-resistant, water- 
proof, rot-resistant, strong; will not shrink, stretch, or 
deteriorate with exposure to sun and weather, and requires 
little special care for storage. The pipe carries a one-year 
guarantee against defects in material and workmanship. 

This flexible pipe has been on the market such a short 
time that its use is still largely experimental and its limita- 
tion and real value is as yet not completely determined. It 
seems quite possible, however, that this pipe may prove to 
be a valuable contribution to irrigation if the characteristics 
and hence the usefulness of the pipe can be determined, 
even though its economical use may be restricted to special- 
ized distribution problems. 

Both the Operations and Research Divisions of the Soil 
Conservation Service expressed considerable interest in the 
practical application of this new irrigation aid; however, 
through correspondence with the company, it was found 
that little was known regarding the hydraulic characteristics 
of the flexible pipe. The manufacturer indicated that, 
because of the lack of laboratory facilities, they had no 
substantial and reliable data on the hydraulic characteristics. 
To assist in a study of these qualities, the company fur- 
nished sections of its flexible pipe on which the investigation 
reported herein was made. 


Report of a project developed under the Research and Marketing 
Act, Project W-9, the eleven western states, Hawaii, and Alaska 
cooperating. The project was conducted under a Memorandum of 
Understanding between Utah Agricultural Experiment Station and 
the Division of Irrigation and Water Conservation, Soil Conserva- 
tion Service, USDA, with the cooperation of the Holton Corpora- 
tion, manufacturers of Fibrylon Irrigator flexible pipe. (NoTE: The 
Mobile Plastics Division, Carlisle Corporation, has since purchased 
the Holton Corporation. ) 


The author — VAUGHN E. HANSEN — is irrigation engineer 
(BPISAE), U.S. Department of Agriculture, and research associate 
professor, Utah Agricultural Experiment Station. 
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Conservation Service, who conducted the accelerated deterioration 
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tests, and to Preston Olsen who prepared the head-discharge curves 
for the hinge type of control. 


INVESTIGATIONS 

The following studies were made on Fibrylon Irrigator 
flexible tubing furnished by the manufacturer: (1) accel- 
erated deterioration tests, (2) bursting pressure determina- 
tions, and (3) control and measurement of the flow from 
spiles. 

Accelerated Deterioration Tests 

Accclerated deterioration tests have been in progress on 
this material during the past four years. These tests consist 
of burying the material in a soil compost maintained in the 
moist condition at 80 F. The compost consisted of a fertile 
soil with manure and ammonium nitrate added. The activity 
can be judged by the fact that a piece of burlap cannot be 
picked up intact after’ one to two months’ exposure. The 
results of the most recent examination, taken in September, 
1953, show no apparent deterioration after being exposed 
for a period of four years. 

A word of caution should be stated regarding the inter- 
pretation of the above observations. Even though the mater- 
ial shows excellent resistance to bacterial action present in 
soil, deterioration from other causes may be of major 
concern. 

Field observations indicate that the vinyl coating is 
palatable to rodents and insects. Since any removal of the 
vinyl binding reduces the strength of the glass fiber, steps 


should be taken by the manufacturer to render the product 
impalatable to rodents and insects. 


TABLE 1. SUMMARY OF BURSTING-PRESSURE TESTS ON 
FIBRYLON IRRIGATOR FLEXIBLE PIPE 

Bursting 1950 
Test pressure, 


No. psi Comments 


4¥-in section with spiles (new) 
Ruptured near coupling due to damage of material 
by previous coupling. 
Break occurred away from the spile in the main sec- 
tion of the pipe. 


7'4-in section with spiles (Tested previously, 

hence some tendency for previous damage) 
Break occurred at a small hole in the main section of 
the pipe away from the spiles. 


Break occurred on the under side of the pipe making 
it impossible to observe the cause of the break ; how- 
ever, a small hole on the top side of the break did 
not rupture at 12 psi. 


Break occurred in main section of pipe where no 
previous damage had been observed in the fabric. 


Break occurred in main section of the pipe. Near the 
location of the break several points of near rupture 
were apparent from observation of the fabric around 
the hole after the rupture occurred. 


7'%4-in section without spiles (new) 


No Pipe did not rupture at 19 psi sustained pressure. 
rupture However, at this pressure a metal clamp used on the 
spiles was moved along the spile by the pressure. As 

the clamp moved the spile was scraped causing some 

surface damage to the fabric. This Ronee spot only 
withstood 8 psi during a later test. It apears that 
scratches weaken the pipe considerably. At very low 
pressures (up to 6 psi) this may not be so serious. 


Rupture occurred at connection with metal union. 
Rupture occurred along seam. 
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The material also appears to be readily susceptable to 
mechanical injury from ordinary field use. 


Bursting Pressure Determinations 

A summary of the bursting pressure tests is shown in 
Table 1. For all of the tests the pressure was applied over a 
relatively short period, so that the results are not necessarily 
indicative of the pressures which the pipe would sustain if 
maintained at a given pressure over a long period. 

From the comments opposite each test, it will be noted 
that the pipe can be expected to withstand a pressure of 
approximately 20 psi over a relatively short period provid- 
ing the pipe is not damaged in any manner. Surface damage 
to the fabric materially reduces the bursting pressure. An 
early bursting pressure test( not shown in the table) was 
made on the 7¥2-in section with spiles when the pipe was 
first received. In the new condition the section withstood a 
pressure of better than 20 psi. However, it will be noted 
from the table that this same pipe withstood considerably 
less pressure after it had been subjected to handling. It is 
interesting to note that in general the ruptures did not seem 
to originate at the spiles nor at the seams. Often the break 
began at a small hole, scratch, or some other defect in 
the material. 


Control and Measurement of the Flow from Spiles 

The spiles with the drawstring controls were tested in 
the field under actual irrigation practice. For higher press- 
ures, it was necessary to fold the spile before tying it in 
order to stop the flow entirely. Once the knots became 
soaked, it was hard to adjust the flow by use of the strings. 
In general the drawstrings were not satisfactory. Because 
of these difficulties, a hinge type of control was developed 
as a substitute for the drawstrings. The control consisted 
essentially of a strap hinge with a bolt on the end. The 
spile was placed between the two leaves of the hinge. This 
device not only gave positive, easily adjustable control of 


Head in feet of worer 


30 40 50 60 708090/00 200 
Discharge -gpm (per sleeve) 
Fig. 1 Head-discharge curves for various hinge openings on 7'4-in 


“Fibrylon Irrigator” flexible pipe with 3-in-diam discharge sleeves 
and 5-in strap hinge 
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the flow but could also be calibrated so that the distance 
between the ends of the hinge was proportional to the 
discharge at a given pressure. Furthermore, when the hinge 
was placed relatively near the point where the spile was 
attached to the main pipe, the balance of the spile served as 
a good energy dissipater, thus reducing to a minimum the 
erosion tendencies of the stream. In addition, the control is 
easily manufactured, inexpensive, and not bulky enough to 
seriously impede the flexibility and movement of the pipe. 

Fig. 1 shows the head-discharge relationship for various 
hinge openings on 7'/-in-diam flexible pipe having 3-in- 
diam spiles. The straight-line, systematic family of curves 
attest to the accuracy and utility of the hinge-type control. 
The curves lend themselves very readily to representation by 
the following common formula: 


Q=CAVh 


Hence the discharge can be readily determined from either 
graphs or formulas. 


RECOMMENDATIONS FOR FUTURE STUDY 


Not only should the presently conducted deterioration 
studies be continued, but in addition the materials should 
be subjected to other types of accelerated deterioration tests 
characteristic of such factors as heat, sunlight, and mechani- 
cal damage. 

Further careful tests should be made under rapid as well 
as sustained pressures to determine the safe and recom- 
mended working pressure for the flexible pipe. These tests 
should be conducted on several sizes of the pipe with and 
without spiles. 

Even though considerable progress has been made 
toward an accurate and dependable control for the spiles, 
further tests are needed before the hinge type of control 
can be released for general field use. For instance, the effect 
of the location of the hinge on the spiles should be more 
fully determined. The required strength of the hinge must 
be determined on the basis of the maximum pressures to 
be encountered. Furthermore, under high pressures the 
hinge tends to move or slide along the spile for which cor- 
rective measures must be developed. 

Of utmost concern in the field application of this mater- 
ial is the carrying capacity of any given size pipe. The 
hydraulic characteristics are complicated considerably by 
the fact that the pipe is flexible resulting in a variable cross 
section. Recent research in the field of fluid mechanics gives 
very good clues as to the nature of the hydraulic character- 
istics, but specific tests must be conducted to completely 
solve the problem. Because of the nature of the pipe, it is 
not generally practical to tap it and install pressure gages 
to determine the piezometric head at a given location. 
However, the flexible nature of the pipe might be utilized 
very efficiently for this purpose in that the cross-sectional 
shape is a direct function of the pressure at a given cross 
section. Consequently it is possible that the cross-sectional 
shape would not only serve as an index of the flow to be 
expected from the spiles under a given opening, but when 
related between two sections would be indicative of the 
flow in the line. 

The force required to cause a given deflection of the 
fabric might also be a practical index of the pressure. The 
utility of both the cross-sectional shape and the deflection 
should be fully determined. (Continued on page 39) 
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Field Performance and Maintenance of Deep- 
Well Turbine Pumps 


Charles A. Lamb 


HE advent of the deep-well turbine pump has made 

possible the development of many agricultural areas 

which depend on ground water for irrigation. Al- 
though the aggregate number of privately owned pumping 
installations represents sizable capital investment, the dis- 
persion of these individual facilities has obscured facts that 
would allow the pump owners to make intelligent economic 
appraisals of the use and maintenance of their present, or 
proposed, pumping facilities. The purpose of this paper is 
to point out how prolonged field operation affects perform- 
ance and maintenance of deep-well turbine pumps. These 
data are related to operating costs to establish a guide for 
achieving minimum water cost. An actual analysis is con- 
fined to a limited sample of pumps in a large California 
development; however, qualitative results and the method 
of analysis should be of general application to other areas. 

The specific objectives of such an investigation are many. 
Some of the more significant items that would be of value 
in understanding the present picture and for extrapolating 
into the future are: 

1 The loss in pump performance with sustained field 
operation 

2 The average life of a pump 

3 The point at which it is economically desirable to 
replace or repair a pump rather than continue operation at a 
low-performance level 

4 Finding the reasons for physical deterioration of 
pumps in an effort to achieve remedial measures. 

The present study followed the expedient measure of 
utilizing existing pump test data and repair histories. Pump 
test data were obtained from the Pacific Gas and Electric 
Company. These tests were originally made about twice a 
year as a service to the power consumers (Fig. 1). Tests 
were conducted with a good standard procedure; most test 
values should have an accuracy of within 1 or 2 percent with 
the maximum error probably not exceeding 3 or 4 percent. 
Test data were augmented by repair records obtained from 
pump companies in those cases where it was possible to 
trace the histories with certainty. 


SAMPLE BACKGROUND AND 
SELECTION 


Nineteen sample installations 
were selected from a total popu- 
lation of approximately 750 pump- 
ing units located on the west side 


This paper was presented at a meet- 
ing of the Pacific Coast Section of the 
American Society of Agricultural En- 
gineers at San Luis Obispo, Calif., 
February, 1953. The paper is based 
on the author's thesis for an advanced 
degree at the University of California. 

The author—Cuar_es A. LAMB— 
is a hydraulic engineer in the research 
and development center of the Kim- 
berly-Clark Corp., Neenah, Wis. 


Fig. 1 A pump test crew in action. The man in the fore- 
ground is reading the discharge manometer while the other 
is lowering the sounding line 


of Fresno County in the San Joaquin Valley of California. 
This particular area was selected because of the severe pump 
duty and wear that has been encountered in the past. Wells 
and pumps within the area tended to be similar since the area 
was not large and there were no sizable demarcations in 
geographic conditions, either above or below ground level. 
A typical well might be 1500 to 2000 ft deep with a pump 
setting of 400 ft, or more, below the ground level. To 
achieve pumping heads of 400 ft with well drawdown, the 
pumps must consist of from 15 to 20 stages. All pumps are 
of the oil-lubricated type, as shown in Fig. 2, and most of 
them are driven by induction motors with full load speeds of 
1160 rpm and power ratings of 150 to 250 hp. 

Because of the year-‘round growing season and the 
sizable investment in each pump and well, most of the 
pumps are operated almost continuously. A spot check of a 
dozen pumps indicated a spread of from 60 to 92 percent 
load factor, the average pump being run about 70 percent 
of the total elapsed time during a year. 

The specific sample installations were selected at random 
from those pumping facilities that have a sufficient length 
of test records to make them appear usable for analysis. 
Approximately half of the total 750 population had _his- 
tories approaching, or more, than ten years and could be 
defined as usable. Nineteen sample installations were select- 
ed; these yielded 45 separate pump replacements or pump 
rebuilds that resulted in the equivalent of a new pump. 

PUMP PERFORMANCE LOSS 

The first evaluation of a field pump would logically be 
to compare its performance with the predicted field values 
based on laboratory tests of new pumps. Pump company 
laboratory performance curves were corrected for column 
and bearing losses, by accepted standard procedure (1) *, to 
obtain the predicted performance curves of the new pump. 
Fig. 3 shows a set of those curves with actual field test 
points superimposed to show the effect of prolonged opera- 
tion. This figure is typical of eight such comparisons that 
were made. Several were a bit 
more erratic, but the essential fea- 
tures were similar: 

1 A new pump ran close to 
predicted performance. In gen- 
eral the difference did not exceed 
field test accuracy. 

2 Asa pump aged the electric 
horsepower consumed remained 
constant, following a flat horse- 
power curve. Therefore, no safe- 
ty factor on motor sizing was 
necessary to allow for wear. 

3 Pumping heads throughout 
a pump life remained relatively 

*Numbers in parentheses refer to 
the appended references. 
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Shaft Enclosing Tube 
Column Pipe 
Line Shaft Coupling 


Line Shaft 


Line Shaft Bearing 


Impeller Shaft 


Discharge Case Bearing 
Impeller 


Intermediate Bowl Bearing 


Bowl 


Impeller Seal Ring 


Suction Case Bearing 


Suction Pipe 


Strainer ———_—_—_—_-_— 


Fig. 2, Drawing of an oil-lubricated deep-well turbine pump. The 

number of stages is dictated by the total pumping head; each stage 

contributes 20 to 25 ft of water head. Pump discharges run to 
1,500 gpm 


constant as compared to pump discharge. 

4 The pump discharge and pumping efficiency dropped 
in proportion to each other as a pump became more worn, 
since the horsepower consumed and the operating head were 
approximately constant. 

5 A new pump was always sized so that its initial 
“operating point’’ was to the right side of the pump’s effic- 
iency hill. Thus, as the pump lost discharge during its life, 
it was still operating in a region where the efficiency should 
have been favorable and almost constant. Because of this an 
aging pump did not obtain obsolescence because it was 
poorly sized and was operating way to the left of its better 
efficiency region. 
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Fig. 3 Series of field tests shown on predicted pump performance 
curves (installation 9, pump number 3). The performance of this 
particular pump held up a little better than average 
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Note that there is every indication that the present prac- 
tice of pump sizing proves adequate. 

For the purpose of this study, the general pattern of pump 
performance change results in a simple convenient means of 
presenting results. Loss in pump discharge, which is of im- 
mediate interest to the pump user, is proportional to loss in 
etliciency, which is a general way of expressing decreasing 
pump performance. Furthermore, the actual efficiency 
changes are synonymous with efficiency drops due to pump 
wear rather than sizing obsolescence. Some plots of pump 
efficiency vs. life of the pump are shown in Figs. 4 and 5. 
The first test for each pump life does not necessarily indicate 
the exact time of pump start-up, nor does the last indicate 
its removal. Test dates were used as reference dates because 
the procedure of extrapolating these erratic curve. ald 
be somewhat questionable. The actual pump replacement 
date could be accurately established in only about one-third 
of the cases, although it could usually be estimated within 
one or two months. 

Since the efficiency time curves of the pumps were all 
of different length and were of extremely varied shapes, 
there was some difficulty in finding the best way of averag- 
ing their characteristics. Since the efficiency of a new pump 
could be closely predicted, it was the rate of efficiency drop 
after the first test that was of principal interest. Curves of 
pump efficiency vs. pump life were plotted for each pump 
along with straight lines having slopes of 2, 4, 6, ctc., per- 
cen: drop per year — all starting at a common zero ordinate. 
Each curve was classified as to the segment in which it 
spent the greatest part of its life; or the medium segment 
if the pump spent significant time in three or more seg- 
ments. This means of classification preserved the proper 
order of magnitude of the total loss pumpage during the 
life of the pump. 

The total classification statistics for the 45 lives are 
shown in Fig. 6. The average efficiency drop was found to 
be approximated by a straight line with a slope of 7 percent 
efficiency drop per year within the lives of the pumps. 


PUMP LIVES BETWEEN REPLACEMENTS OR REBUILDS 


The aggregate statistics of pump lives are represented 
in Fig. 7. For consistency with the previous efficiency-time 
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Fig.4 (Left) Pump efficiency vs. years of service (pumps from 
installation 3) ¢ Fig. 5 (Right) Pump efficiency vs. years of service 
(pumps from installation 4) 
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32 
CHARACTERISTIC EFFICIENCY DROP PER YEAR (%) 


Fig.6 Distribution graph of the rate of efficiency loss of the sample 
pumps. The average efficiency loss is 7 percent per year 


curves, the plotted points are based on lives defined by first 
and last test dates. A better estimate of true life was ob- 
tained by adjusting for the operating time that occurred 
before the first test and after the last test. This correction 
puts the average life at 2 years as opposed to an admittedly 
conservative value of two years. The corrected survivor 
and frequency curves, with an average life of 242 years, are 
shown in Fig. 8 in dimensionless form. 

The characteristics of these curves are typical of agri- 
cultural equipment (2). The primary distinguishing fea- 
tures are that the maximum frequency of retirement occurs 
before the pumps reach average life and that the frequency 
curve covers a broad area. The broader the frequency curve, 
the less is the probability that a single unit will adhere 
closely to the average life of the group. In contrast to the 
present case, properties such as railroad ties and box cars 
have a narrow frequency curve with a much smaller percent- 
age of deviates from the average life of the group. 

The probable error between the average life of the 
sample and the average life of the entire population of 750 
installations was found to be 2.5 months. 

A dependency of pump life on its efficiency loss may 
have been surmised from the previous material; the actual 
relationship is shown in Fig. 9. A correlation coefficient of 
0.64 demonstrates a significant bearing of efficiency drop, 
or effects associated with efficiency drop, on pump life. (A 
correlation coefficient of one is perfect correlation; zero is 
no correlation.) There are numerous reasons for the scatter 
of the points. The ordinate values of efficiency drop were 
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Fig. 8 Survivor and frequency of replacement curves based on 
corrected pump lives and shown in dimensional form 
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Fig. 7 Survivor and frequency of replacement curves based on pump 

test dates. Test dates usually underestimate the life of a pump by 

several months because a pump operates for a time before the first 
est and also after the last test 


of an approximating nature and their precision would be 
no better than the next closest interval of 2 percent per 
year. ;A second major reason for scatter would be variations 
in individual owners response as to how serious the pump 
condition is. An owner might replace a pump six months 
or more prematurely merely for security of water supply 
during an anticipated season of heavy water demand. The 
opposite case would also be quite probable. Actual mechan- 
ical failure could also terminate a pump life at any time; 
however, the records gave no information that would estab- 
lish the frequency of such occurrences. \ 


REASONS FOR EFFICIENCY LOSS 

In the preceding paragraph it was shown that pump life 
had a significant correlation with efficiency loss. It is desir- 
able to go one step further and discuss the reasons for the 
pump efficiency loss. Examination of old pump parts and 
repair records indicated that worn impellers and pump 
bowls gave ample reasons for loss in pump performance 
(See Figs. 10 and 11). The local regions of greatest wear 
on pump impellers and bowls occurred at those points 
where the dynamic action of the pumped water would 
impinge foreign particles of sand or dirt. Scouring action 
was also evidenced in areas of close clearance between mov- 


ing parts of the pump. 
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CHARACTERISTIC EFFICIENCY DROP PER YEAR (%) 


PUMP LIFE (YEARS) 
ig.9 Correlation of pump life with rate of efficiency loss 
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Consideration of the available re 
pair records indicated that the extent 
of pump replacements, or rebuilds, 
alternated almost equally between 
two cases: 

1 Replacement of practically all 
of the pump parts shown in Fig. 1 
except the pump bowls. Some work 
on the pump column bearings and 
other parts was usually done. 

2 Repairs that called for essen- 
tially complete bowl replacement as 
well as the above items. 

These repairs included most of 
the expense of maintaining a pump- 
ing installation since work on the 
motor and electrical equipment was 
not frequent nor extensive. Insofar as it was possible to 
compare efficiency, there was no good reason to suspect that 
pump rebuilds resulted in anything less than the equivalent 
of a new pump. 

In an attempt to isolate cause and effect, the uniformity 
of pump histories within individual wells was compared 
to uniformity between wells. The reasoning here was that 
significant variables that could be assigned to variations in 
well construction or conditions, such as sand size aad avail- 
ability, might remain somewhat constant for any one well. 
If conditions peculiar to individual wells had a greater 
influence on pump efficiency or life than variables that 
might be characteristic of the various pumps, all of the 
pump histories from any one well would be similar. Hence, 
most of the spread in the frequency curve of Fig. 7 would 
be due to variations from well to well. Using the proper 
statistical procedure (3), it was found that 25 percent of 
the variance in pump life is attributable to differences 
between wells. (If all 45 pump lives were obtained from 
one average well, the variance, or spread, of the frequency 
curve would be 75 percent of what is shown in Fig. 7). 
Since the variance attributable to the wells was not great 
and could have occurred simply by chance, its statistical 
significance was checked. It was found that there was only 
an 8 percent chance that wells had not affected pump life. 

The net conclusion is that individual wells probably 
affect pump life but this effect is not great. The effect of 
wells on efficiency loss was the same order of magnitude; 
this could be expected since pump life correlated with 
efficiency loss. 


ECONOMIC ASPECTS OF REPLACEMENT TIMING 

All of the previous statistics have dealt with pump his- 
tories and replacement practices as they have existed to the 
present time. It cannot be assumed that past replacement 
practices have necessarily been the best for the pump user. 
If a pump suffers a complete mechanical failure, there is no 
question as to whether or not it should be replaced. If a 
tunable pump is replaced because of its poor performance 
there should be economic justification for its replacement. 

The general procedure for answering the above question 
can be set up quite readily. The item one desires to know 
is at what time in a pump’s life has the average cost per 
gallon of water reached a minimum value. Since it has been 
shown that (a) the rate of pump efficiency loss can be 
approximated by a straight line, (4) discharge drops directly 


Fig. 10 (Left) Moderate impeller wear. Note that the once streamlined leading edges of the 

vanes have become quite blunt and irregular e Fig. 11 (Right) Severe impeller wear. The light’ 

areas are that portion of the original enamel coating that is still intact. Note that the suction 

side of the impeller, which runs close to the seal ring, is badly worn. The poor condition of 
the leading and trailing edges of the vanes can also be seen 


with efficiency, and (c¢) power input is constant, the follow- 
ing expression can be obtained: 
total dollars 


Average cost per gallon = ——— 
total discharge 
Cit+Cz 


(initial discharge ) X (¢—Cs [f#/2}) 
where ¢=time (years ) 
C= power cost per year plus depreciation and interest 
charges for entire pumping installation per year 
C2= repair cost 
saiattiadd loss per year efficiency wetted ~ pone 
Cc; =—_—_ -= 


initial discharge initial efficiency 


Differentiating the above equation and setting it equal 
to zero to find the time for the minimum water cost, 


LC, 1 

=—f+s—— =0 

2C: Cs 
This expression is plotted in Fig. 12. The curves are of general 
application to any pump and are not subject to obsolescence 


FFICIENCY LOSS PER YEAR — 
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Fig. 12 Graph to determine optimum pump replacement time based 
on economi considerations 
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because of changing dollar values. It is only necessary to 
have sufficient pump tests to determine C3; and adequate 
accounting information to establish contemporary values for 
C, and C2. 

All of the costs can be easily found or estimated except 
perhaps the depreciation or amortization of the original 
investment. There are various ways of arriving at this 
yearly cost (4). Without going into lengthy details, the 
author suggests the following equation as fairly representing 
the yearly cost applicable to this case: 

Annual Total installation cost 
depreciation and interest = — 
Present value of one per annum 
where the numerator depends on the expected life of the 
installation and a nominal interest rate for the investment 
funds {numerator values can be found in books such as 
reference (5) }. 

This cost is dependent on expected life of the installation 
and indicates that specific data in this regard would be 
highly desirable. The appropriate interest rate depends 
somewhat on the particular circumstances of the individual 
owners. 

By assigning specific contemporary cost values to a 
representative pump from the sample group, it is possible 
to test pump-replacement practices to see if they are com- 
mensurate with optimum pumping economy. For a typical 
pump with a 2,000-ft well, a 150-hp motor, and operating 
70 percent of the time, the following cost estimates are 
applicable: 

Cost of entire installation including well, 

pump, and motor with starting equipment $44,000 
2,500 
5,620 


Average repair cost 


Annual powercost . . . . 


Assuming an installation life of ten years and an interest 
rate of 5 percent, 


Annual depreciation and interest . $5,700 


(The author feels that the ten-year life estimate is of 
the proper order of magnitude although there is no factual 
verification of its reliability. If in error, this estimate is 
probably on the low side.) 

C; 5,620+5,700 
Now — = - 
C2 2,500 


The efficiency of a new pump would be between 70 and 


75 percent and the average pump lost 7 percent efficiency 
per year, so 


= 4.53 


0.07 
C3 = ——_ = 0.097 
0.72 
From Fig. 12 the optimum time for pump repair is 1.9 
years. This value of optimum replacement time, which is 
based on present cost estimates, compares favorably with 
the average replacement time which was determined by 
past pump histories. 


USE OF RESULTS , 


Two separate ideas have been expressed in regard to 
pump life. One presented past histories of pump perform- 
ance loss and pump life. By an independent procedure it 
was shown that for any specific set of cost figures and rate 
of pump efficiency loss, there was an optimum time for 
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pump replacement to achieve minimum water cost. Since 
for the average pump, the past pump histories were com- 
mensurate with the optimum replacement time based on 
present costs, they do not give conflicting values for pre- 
dicting future pump life and average level of performance. 
If the past histories and optimum economic replacement 
time differed, prediction of the future would necessitate a 
compromise between the two. The future replacement pro- 
gram should attempt to follow optimum replacement time, 
however, there may be presently unassignable reasons, such 
as mechanical failure, why this could not be achieved. A 
practical way of predicting the future of a group of pumps 
would be to base it on past histories but also note, and try 
to achieve, the possible improvement that might result from 
replacing pumps at optimum replacement time. 

Predicting the future history of an individual pump is 
quite uncertain because individuals can differ appreciably 
from the average. Once a pump has been in service for a 
year or so, its rate of efficiency drop aids considerably in 
indicating the approximate life that may be expected. Even 
with this approximate indication, individual pumps must be 
observed with diligence because efficiency trends are found 
to be subject to pronounced changes during a pump’s life. 
Regular tests at about six-month intervals are adequate for 
checking most of the pumps. Those few that exhibit rapid 
losses in performance, either from the first couple pump 
tests or from observations of pump operation and discharge, 
warrant additional tests if a period of heavy water demand 
is anticipated. ‘ 

The procedure used to develop the optimum pump- 
replacement time considered pumping costs as a separate 
operating cost which should be kept to a minimum. The 
possible agricultural income that might be attributable to 
the water supply was not considered. In view of this fact 
there are unusual circumstances that might warrant dis- 
counting the optimum replacement time, to some extent, in 
order to achieve a greater income from the entire agricultural 
operation. As an example, the necessity of having a great 
deal of water to meet unusually high water demands might 
warrant higher water costs to obtain greater income. If, 
however, an owner finds he is consistently in this particular 
“unusual” circumstance, the conclusion can only be that he 
does not have a sufficient number of wells to operate them 
most economically. Special cases do not nullify the value 
of the optimum replacement time idea but they do point 
out that economic analysis of individual facilities must be 
considered as they affect the over-all agricultural operation. 

While the material presented in this paper is primarily 
concerned with achieving greatest economic benefit from 
present pump designs and well construction, it should not 
be implied that these are to be considered beyond improve- 
ment. The sample studied was from a fairly homogeneous 
group and, within the limits of the data available, there were 
insufficient distinguishing details for classifying wells or 
pumps in regard to which physical features might be 
preferable. 

SUMMARY AND CONCLUSIONS 

This paper presents a sample analysis of the life histor- 
ies of 19 pumping installations selected from a total pop- 
ulation of approximately 750 units. The parent area con- 
sisted of the west side of Fresno County in the San Joaquin 
Valley; pump duty and wear in this area are very severe. 
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The principal items of interest pertaining to the past his- 
tories of these deep-well turbine pumps were as follows: 

1 The present practice of pump sizing is good and the 
performance of a new pump can be predicted within several 
percent. 

2 Pump wear, occasioned by prolonged field operation, 
was evidenced by pump discharge and pump efficiency 
decreasing almost in direct proportion. 

3 The average loss in pump efficiency with time in 
operation could be approximated by a straight line of 7 
percent efficiency drop per year. In some individual cases 
the efficiency loss was almost negligible; in others the drop 
was two to three times the average rate. 

4 The average life of a pump before a major repair, 
or a replacement, was close to 2 years. The life of indi- 
vidual pumps varied considerably from the average. 

5 The pumps and wells were quite homogenous anu, 
within the limits of the available records, there were inst ftic- 
ient details to ascertain which specific pump or well features 
gave better performance. It was shown that conditions 
peculiar to individual wells affected pump wear and life, 
but this was not a paramount effect. 

By considering the costs attributable to any pumping 
installation and the rate at which the pump’s performance 
was decreasing, it was shown that there was an optimum 
time for pump repair, or replacement, to achieve minimum 
water cost. For an average pump this optimum time was 
commensurate with past replacement practices. This eco- 
nomic evaluation could be faciliated by better estimates of 
well life, and it is recommended that future work be con- 
cerned with this item. 

REFERENCES 
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2 Winfrey, Robley, Statistical analysis of industrial property 
retirements, Iowa Engineering Experiment Station, Bul. 125, 1935. 
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Flexible Irrigation Pipe 
(Continued from page 33) 
There is considerable opportunity for a very substantial 
contribution to the general field of hydraulics by a careful, 
well-planned study of the hydraulic characteristics of this 


flexible pipe. 


Recommended Experimental Procedure 

The bursting pressure as well as the spile control and 
cross-sectional shape studies could all be conducted with the 
same experimental equipment. Consequently, it is recom- 
mended that these three studies be undertaken as a unit. 

Before the general hydraulic characteristics of the flow 
could be determined, the cross-sectional shape must be fully 
analyzed. Once this was done the general flow characteris- 
tics could be related to the change in cross-sectional shape 
from point to point. Hence this latter study is not only 
dependent upon the conclusion of the first phase for its 
successful prosecution, but also requires additional experi- 
mental equipment. 
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For the above reasons, it is recommended that the deter- 
ioration tests be conducted similtaneously with the two 
hydraulic phases. The first hydraulic phase to be studied 
would be the bursting pressure, spile control, and cross- 
sectional shape, to be followed by the second phase con- 
sisting of a detailed study of the hydraulic characteristics 
in terms of the change in cross-sectional shape between two 
points in the main line. 


Culverts for Measuring Runoff 
(Continued from page 31) 


Weir sill layout dimensions for an 8-ft culvert width are 
shown in Table 1. All dimensions are in inches. 


TABLE 1. LAYOUT DIMENSIONS FOR WEIR SILLS 
(Culvert width = 8 ft) 
Crest 
length, Crest 
is X1 Yi Xe2 Yo Xz Y3 XX, Y4 radius 


64.80 35.88 30.93 28.42 21.84 5.95 17.54 7.52 15.63 3.00 


The layout dimensions for culverts of other widths can 
be obtained from the above table by applying simple pro- 
portion, since the culverts are geometrically similar. It 
should be noted that the dimensions shown are those 
required after the weir sill is in place in the culvert. There- 
fore these dimensions should be reduced approximately 1 
in to allow for a mortar layer between the sill and the 
culvert. 

Performance. The experimental weir sills have been in 
place over a year and have proved quite satisfactory. They 
have not been displaced nor have they cracked. Although 
the sills have caused some additional deposition to take 
place on the culvert apron because of lower approach velo- 
city, the weir sill throat has remained clean. 


SUMMARY 


The principal findings of this research can be sum- 
marized as follows: 


1 The rectangular highway culvert can be used for a 
flow-rate measuring device if it flows part full and with 
free outfall. 

2 The use of a Villemonte-type weir sill can improve 
the accuracy of the measurement in the low-flow range. 

3 A standardized weir sill has been developed with all 
dimensions proportional to the width of the culvert in 
which it is placed. 

4 A satisfactory location for the weir sill has been 
found to be with the throat a distance from the culvert 
entrance equal to one and one-half times the width. 


5 The head-discharge relationship for various culverts 
equipped with weir sills has been determined by hydraulic 
model experiment. 


6 Methods of layout, construction, and installation of 
weir sills in rectangular highway culverts are given. 

7 The prefabricated concrete weir sills installed in 
highway culverts have been proved quite satisfactory by 
field tests. 

REFERENCES 
1 Mavis, F. T.: The hydraulics of culverts, The Pennsylvania 


State College Bulletin, Engineering Experiment Station Series Bul- 
letin No. 56, February, 1943. 

2 Villemonte, James R.: New type gaging station for small 
streams, Engineering News-Record, vol. 131, no. 21 (Nov. 18, 
1943), pp 748-750. 
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INSTRUMENT NEWS 
Kari Norris, Editor 


Sponsored by the ASAE Committee on Instrumentation and Controls. 
Contributions on agricultural applications of instruments and controls and 
related problems are invited, and should be submitted direct to K. H. 
Norris, Agricultural Research Center, Beltsville, Md. 


Cyclic Temperature Regulator 
J. G. Kemp and F. D. Cook 


ASSOC. MEMBER ASAE 


. connection with studies on the effect of temperature on 
rate of nitrate accumulation in soils, a cyclic temperature 
regulator was designed and constructed to simulate the typ- 
ical diurnal temperature change in soil. The construction and 
use of this regulator is described for the benefit of those 
wishing to use a fluctuating incubation temperature. 

The basic unit consisted of a standard household refrig- 
erator into which a temperature control unit was placed. 
This type of unit is supplied by scientific equipment com- 
panies for modifying regular refrigerators for B.O.D. 
research. The detachable control unit was modified to give 
the results desired. Fig. 1A shows a graph of the daily soil 
temperature at Swift Current, Sask., for a typical week 
during fine weather. The curve is somewhat similar to that 
of a sine or simple harmonic motion curve. Actually the 
cycle is not symmetric in that the ascent takes place in a 
shorter time than the descent. However, because of sim- 
plicity of construction it was decided that a regulator pro- 
ducing a simple harmonic motion curve would suffice for 
our immediate needs. 

A 24-hr Foxboro clock (1) as shown in Fig. 2 was 
used as a power unit. A sliding-crank arrangement (2) 
gave the simple harmonic motion. The drive pin (3) for 
the sliding crank was fixed to a flat disk (4) on the drive 
stem of the clock. A gear rack (5), which served as a 
crank rod, was made to drive a pinion gear (6) which 
replaced the control knob on the thermoregulator (7). The 
throw of the crank and the diameter of the pinion gear 

The authors —J. G. Kemp and F. D. Cook — are agricultural 


research officers of the engineering section and soil research labora- 
tory, respectively, Dominion Experimental Station, Swift Current, Sask. 
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were calculated to give a temperature difference of 15 
deg. The throw of the crank can be adjusted by means of a 
slotted radial hole (8) in the disk for the drive pin for 
the sliding crank. 

The resulting temperature cycle produced by the mech- 
anism is shown in Fig. 1B. The temperature difference can 
be decreased or increased by adjustment of the crank throw. 
The temperature range desired is selected by trial and error 
by preliminary setting of the thermoregulator. The temper- 
ature difference as shown in Fig. 1B is 15 to 16 deg ranging 
between 42 and 58 F. 

It is an easy matter to modify the apparatus to duplicate 
any curve by construction of a cam or linkage to replace the 
circular disk and sliding crank. Instructions for designing 
such mechanisms are described by R. M. Keown and V. M. 
Faires in their book “Mechanism” (third edition) published 
by McGraw-Hill, New York. 


Research Problems 
UST to eat as well as we are eating today, the people in 

1960 will need about 2 billion pounds more meat, a half 

billion dozen more eggs, about 5 billion pounds more 
whole milk, and we will need to use several hundred million 
more bushels of feed grains. There will be corresponding 
increases in requirements for fruits, vegetables, and other 
foods. 

I hope that in 1960 we will be eating better — that our 
nutrition level will be higher—than today. If so, the require- 
ments, especially for animal proteins and other protective 
foods, will be quite a bit higher. 

But that’s six years away, someone may say. We've got 
to worry about today. 


I recognize the immensity of the problems today. Right 
now farmers are concerned about surpluses. The surplus 
problem is being given much thought, and the answer is 
likely to involve a number of different actions. 


There's one point, however, on which we can be sure. 
Whatever the final decisions, research can make a contribu- 
tion. But in research we have to continue looking ahead, 
and govern our activities accordingly.—Byron T. Shaw, be- 
fore the 8th National Farm Electrification Conference, 
Washington, D.C., October 27, 1953. 


Fig. 2 Component parts of temperature-control regulator 
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Nominations Announced for 


1954-55 ASAE Officers 


THE Nominating Committee of the Ameri- 
can Society of Agricultural Engineers— 
E. G. McKibben (chairman), R. H. Drift- 
mier, and R. R. Poynor—has nominated the 
following members for elective offices to be 
filled at the next regular election of officers. 
Voting will be by letter ballot, which will 
be mailed to members in February. Closure 
of voting will be March 31. Vacancies to be 
filled are those anticipated by expirations of 
terms of office at the time of the annual 
meeting in June. 
NOMINEE FOR PRESIDENT 

George B. Nutt was born and reared in 
Mississippi and received his bachelor’s de- 
gree in agricultural engineering at Missis- 
sippi State College in 1930. After an addi- 
tional two years of industrial training with 
the International Harvester Co., he went to 


Geo. B. Nutr 


Clemson Agricultural College as associate 
professor of agricultural engineering. For 
several months in 1936 he served as farm 
representative in North and South Carolina 
for the Federal Housing Administration, but 
returned to his position at Clemson on com- 
pletion of that assignment. During these 
years he also completed requirements for a 
master’s degree in agricultural engineering 
awarded him at Iowa State College in 1940. 

In July, 1941, he was promoted to profes- 
sor and head of the agricultural engineering 
department at Clemson, and has continued 
in that position with the exception of brief 
periods on special assignments. For most of 
1944 he was loaned to the U.S. Department 
of Agriculture Office of Foreign Agricultural 
Relations for work as senior agricultural en- 
gineer in charge of research and station de- 
velopment along agricultural engineering 
lines in cooperative experiment stations in 
Latin America. As consultant to the Inter- 
national Bank for Reconstruction and Devel- 
opment he studied conditions in Syria and 
Iraq in October and November, of 1950, and 
in Paraguay in August, 1951. 

Elected to membership in the Society in 
1932, he has served as chairman of the 


ASAE Meetings Calendar 


January 22 and 23— Paciric Coast SEc- 
TION, Stockton, Calif. 


January 22—Iowa-ILLINoIs SECTION, Amer- 
ican Legion Club, East Moline, III. 


January 22 and 23—NortTH CAROLINA SEC- 
TION, North Carolina State College, Ra- 
leigh 

February 1-3—SOUTHEAST and SOUTHWEST 
SECTIONS, Baker Hotel, Dallas, Tex. 


February 13 — MICHIGAN SECTION, Hotel 
Hayes, Jackson, Mich. 

April 2 and 3— Rocky Mounralin SEC- 
TION, Colorado A. and M. College, Fort 
Collins 


June 20-23—47TH ANNUAL MEETING, Uni- 
versity of Minnesota, Minneapolis 
NoTE: Information on the above meetings, 


including copies of programs, etc., will be 
sent on request to ASAE, St. Joseph, Mich. 


agricultural engineering teaching seminar, as 
vice-chairman and chairman of the College 
Division, chairman of the Southeast Section, 
ASAE representative on the ECPD Accredit- 
ing Committee for the Southeast area, and 
member of Committees on Fertilizer Appli- 
cation, Standards, and Student Paper Awards, 
and on the Nominating Committee. 

Among other activities, he is vice-chair- 
man of the National Joint Committee on 
Fertilizer Application, a member of the 
American Society for Engineering Education, 
member of the Pickens County Board of 
Trustees, a director of the Fort Hill Build- 
ing and Loan Association; member of Alpha 
Zeta and of the Clemson Fellowship Club, 
and honorary member of Blue Key. He is 
listed in “Who's Who in the South and 
Southwest.” 

NOMINEES FOR VICE-PRESIDENT 

Harold H. Beaty is a product of Iowa. 
After earning a bachelor’s degree in electri- 
cal engineering at Iowa State College in 
1931, he started his professional career with 
the lowa Electric Company, with work on 
meter testing, sales engineering, and public 
relations. In 1934 he entered the employ- 
ment of the U.S. Department of Agriculture 
for work in Iowa as agent in charge of field 
work and crew supervisor on white pine 
blister rust control. 

This led to his appointment in 1936 as 
assistant extension agricultural engineer in 
Iowa, specializing in rural electrification. In 
the years following he worked for a master’s 
degree in agricultural engineering, which 


Nominees for Vice-President 


D. B. Poor H. H. Beaty 


was awarded in 1942 Iowa State College; 
earned promotion to assistant extension pro- 
fessor of agricultural engineering in 1945, 
and associate extension professor in 1946. 
In 1949 his duties were expanded to include 
research and work as collaborator on the 
staff of the division of farm electrification, 
U.S. Department of Agriculture. In 1950 he 
was named associate professor of agricul- 
tural enginering in charge of rural electrifi- 
cation at Iowa State College. The following 
year he was called to his present position as 
rural service manager of the Edison Electric 
Institute. 

In addition to his broad experience in ex- 
tension work, Mr. Beaty has been directly 
associated with research on various kinds of 
electric equipment for farm use. He also 
collaborated in outlining and organizing a 
senior level required course in farm electrifi- 
cation for students in the professional agri- 
cultural engineering curriculum at lowa 
State. 

member of ASAE since 1937, he has 
been active in its Rural Electric Division, 
regularly serving on one or more of its 
committees, and contributing frequently to 
its meeting programs. 

David B. Poor grew up on a farm near 
Warsaw, Indiana. After two and one-half 
years of study in engineering and agriculture 
at Purdue University he transferred to lowa 
State College and graduated in agricultural 
engineering in 1939. 

For the next two years he was at Racine, 
Wisconsin, with the Massey-Harris Co. 
From 1941 to 1945 he was in defense 
work as test engineer on Packard Rolls- 
Royce aircraft engines. After a year spent 
in putting his own farm in order, he became 
agricultural engineer in the Stran-Steel Divi- 
sion of Great Lakes Steel Corporation at De- 
troit. In that work he has been active in the 
development and application of steel con- 
struction for a variety of farm buildings and 
particularly construction for the storage, dry- 
ing, and conditioning of grain. 

A member of ASAE since 1939, he has 
been active in the Michigan Section in which 
he served as Chairman for the year 1950-51, 
and in the Farm Structures Division, serving 
first a year as vice-chairman followed by a 
year as chairman in 1952-53. 


NOMINEES FOR COUNCILOR 


Richard K. Frevert is a native of Iowa 
and earned his bachelor’s degree in agricul- 
tural engineering at Iowa State College in 
1937. Upon graduation he began teaching 
power and machinery courses in the agricul- 
tural engineering department as instructor, 


Nominees for Councilor 


R. K. FREVERT 5. RYERSON 
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and held this position until he reported to 
the Armed Forces in 1942. In the meantime, 
he had received his master’s degree in 1940, 
working on a tillage problem in the power 
and machinery field. After serving three 
years in the Army Air Force Weather Serv- 
ice, and being discharged at the rank of 
captain, he returned to Iowa State College as 
an assistant professor, and was in charge of 
the soil and water conservation courses and 
research in the agricultural engineering de- 
partment. In 1948 he was promoted to as- 
sociate professor and in 1949 to full profes- 
sor. In 1952 he was named assistant director 
of the Agricultural Experiment Station and 
retained his status as a professor of agricul- 
tural engineering, currently spending about 
one-third of his time in the departmental 
activities. 

Mr. Frevert has been author of several 
Papers on various aspects of soil and water 
conservation and is senior author of the 
Ferguson Foundation text on soil and water 
conservation engineering, now in a prepub- 
lication edition and scheduled to be pub- 
lished by John Wiley and Sons early in 
1955. He has served on several committees 
of the Society since becoming a member in 
1938, and is now chairman of the Commit- 
tee on Depth and Spacing of Tile Drains. 
He is a member of Alpha Zeta, Gamma 
Sigma Delta, Knights of St. Patrick, Phi 
Kappa Phi, and Sigma Xi honor societies. 
He is registered in Iowa as a professional 
agricultural engineer and is also a member 
of the Iowa Engineering Society, the Soil 
Conservation Society of America, and the 
American Geophysical Union. 


Gerald E. Ryerson is a native of Ohio 
and an agricultural engineering graduate of 
Ohio State University in 1928. Following 
his graduation he was first associated with 
the corn borer control program, until 1931, 
when he transferred to erosion control work. 
He was assigned to the Upper Mississippi 
Valley Erosion Control Experiment Station 
for two years, then made project engineer for 
the first demonstration project in the area, 
at Coon Valley, Wis. Later in 1933 he was 
promoted to chief engineer in the Soil Con- 
servation Service for Minnesota and Wis- 
consin. From 1936 to 1942 he served in 
Washington, D.C., as equipment engineer 
for the SCS. Called to active duty in 1942 
in the Ordnance Department of the Army, 
he saw service at the Tank Automotive Cen- 
ter in Detroit, overseas duty in the South 


K. W. (Ken) Westerberg (left), 
in Minnesota, regales K. W. 


Pacific, and a tour in the office of the Chief 
of Ordnance, with promotions to the rank 
of major. 

Returning to the Soil Conservation Serv- 
ice in 1946, he was designated as farm 
equipment research specialist and equipment 
engineer, and assigned responsibility as liai- 
son officer between the Service and the farm 
equipment industry. Since 1947 he has car- 
ried additional responsibility for cooperative 
work of the Service and the industry at the 
Pendleton, Ore., erosion experiment station. 

A member of the Society since 1934, he 
has been active in both the Power and Ma- 
chinery and the Soil and Water Divisions. 
He is past-chairman and member of the 
executive committee of the latter division, 
and also a member of the Steering Commit- 
tee of the former. 


ASAE Winter Meeting 


STRONG interest in the program was evi- 
dent at the Winter Meeting of the Amer- 
ican Society of Agricultural Engineers, 
December 7-9, at the Edgewater Beach Hotel 
in Chicago. At times during the technical 
sessions the connecting corridors were practi- 
cally deserted. The published program was 
closely followed and will not be reported 
here in detail. 

Early arrivals for the Sunday afternoon 
Cabinet meeting and registration and the 
entertainment Sunday evening were num- 
erous and exceeded those of previous years. 

Section representatives reported and com- 
pared notes on their activities during the 
Cabinet meeting. Their interest and enthu- 
siasm, and the range of successful Section 
activities reported, emphasized the impox- 
tance of the Sections as pillars of strength in 
the Society. 

Strong interest in worldwide agricultural 
engineering progress was reflected in atten- 
darice at the Sunday evening illustrated lec- 
ture by Robert L. Green on agricultural prac- 
tices in Indonesia. It filled the East Lounge 
to the ‘standing room only” condition. 

Minnesota Section members were present 
in force with reminders that the Society's 
Annual Meeting in June will be held at 
Minneapolis. They showed well developed 
plans to make it worth attending from a 
technical and professional standpoint; and 
attractive as an opportunity for an interest- 
ing and budget-priced family outing. The 
Meetings Committee gave Division chairmen 


wearing king-size badge promoting the 1954 ASAE annual meeting 
(Ken) Anderson and ASAE President E. W. 


(Ed) Tanquary at the 


1953 winter meeting of the Society in Chicago, not only on the wonders of Minnesota in general but 
obviously also on the size of the inhabitants of Minnesota’s sky-blue waters 
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a clear picture of the general plan for the 
meeting and time available for technical ses- 
sions. Arrangements for additional annual 
meeting attractions were advanced while the 
Minnesota group were in Chicago. 

In its round of meetings with its member 
organizations, 1953 was the year for the 
National Joint Committee on Fertilizer Ap- 
plication to get together with the Power and 
Machinery Division of the ASAE, as co- 
sponsors of a fertilizer application program. 
Strong interest was shown in the program 
provided. In addition there was a renewing 
and strengthening of acquaintance between 
agricultural engineers and some of the lead- 
ers of agricultural science and trade associa- 
tions cooperating in the work of the Joint 
Committee. 


An address by H. B. Walker (past-presi- 
dent ASAE), professor emeritus of agricul- 
tural engineering, University of California, 
on “balancing agricultural engineering re- 
search,” was the featured attraction of the 
dinner sponsored by the Research Committee 
of the Farm Equipment Institute for agricul- 
tural engineering research leaders in public 
service. From a lifelong background of serv- 
ice and leadership in this field he summar- 
ized the need, nature, extent and future of 
progress in agricultural engineering research, 
concluding his remarks with an appeal to re- 
search workers to further improve the qual- 
ity of their research. His address drew a 
record attendance at the dinner. 

Chicago Section representatives carried 
their usual major share of responsibility for 
local arrangements. Lee H. Ford, chairman, 
and Erwin R. Johnson were on duty at the 
registration desk and were aysisted by Mr. 
and Mrs. Howard C. Rutt. Kenneth W. Sny- 
der is credited with arrangements for having 
the Society represented on two live television 
shows, five live radio programs, and sixteen 
transcriptions for later radio broadcasting, in 
the interest of favorable public relations. Mr. 
and Mrs. John H. Wessman worked with 
him on these arrangements and on releases 
to publications. C. F. Albrecht and D. P. 
Brown of Michigan State College, Keith L. 
Pfundstein of Ethyl Corp., and Chas. E. Ball 
of Farm Journal came in to lend a hand to 
the Chicago representatives of the Public 
Relations Committee. C. N. Hinkle, Stan- 
dard Oil Co., contributed his usual yeoman 
service as official photographer. 

Pressure for progress along a number of 
specific lines was evident in the number and 
variety of committee and special group meet- 
ings sandwiched in and around the sched- 
uled division sessions. In addition to those 
listed on the printed program there were 
meetings of the Jury of Awards; ASAE 
committees on agricultural research confer- 
ence, technical data, agricultural teacher 
training, course content, farm structures re- 
search, design and construction of tile drain- 
age, heat lamps for brooding, public rela- 
tions, and instrumentation and controls; 
steering committees of some of the divisions, 
and other special group gatherings. 


Oklahoma Section Elects Nelson 


GORDON L. NELSON, associate profes- 
sor of agricultural engineering, Okla- 
homa A & M College, was elected the new 
chairman of the Oklahoma Section of the 
American Society of Agricultural Engineers 
at the Section’s annual meeting held Novem- 
ber 20 at Stillwater. He succeeds W. T. 
Wheeler, regional product specialist, tillage 
and machinery sales, International Harvester 
Company. 

The new vice-chairman of the Section is 
John Johns, supervisor of rural sales and 


(Continued on page 44) 
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“WHY DON’T YOU TRY AETNA? 
YOU'LL BE SURPRISED AT THEIR VERSATILITY” 


Yes, Aetna is versatile. For 37 
years Aetna has been making 
original equipment bearings 
and precision parts for the nation’s 
leading manufacturers in the automotive, farm 
implement and general industrial fields. 
From conventional light duty thrust bearings in 1916, 
Aetna’s versatility has grown to include all-type-all-duty ball thrust 
bearings, roller bearings and vital parts spanning 
an incredible range of industrial applications. 
It’s worth remembering—Aetna’s diversified usefulness to industry—Aetna’s reputation of 
producing to the stiffest tolerances known to the industry. 
If you are having bearing or parts troubles—if you need a more versatile, more dependable 
supplier, consider Aetna. Your satisfaction is assured by the fact that 80% of our business 
comes from firms we have served for 20 or more of our 37 years. Write! Just state 
your problem, send your prints,or ask that a near-by representative drop in. 
No obligation. Aetna Ball and Roller Bearing Company, 
4600 Schubert Avenue, Chicago 39, Illinois. 


BALL AND RO 
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NEWS SECTION 


(Continued from page 42) 


service, Oklahoma Gas and Electric Co., and 
the new secretary-treasurer elected at the 
meeting is Fred R. Gray, construction en- 
gineer, Soil Conservation Service, USDA. 

Fifty-one members and friends of the 
Section registered for the one-day meeting, 
which included a technical program along 
with the annual business meeting of the Sec- 
tion. The forenoon program included three 
papers, one on liquified petroleum gas as 
a farm tractor fuel presented by J. G. Porter- 
field, associate professor of agricultural en- 
gineering, OAMC, a second on the subject 
of domestic water systems for treating and 
using farm pond water presented by Elmer 
R. Daniel, assistant professor of agricultural 
engineering, OAMC, and a third on man- 
agement of soils for conservation in western 
Oklahoma by H. H. Finnell of the Pan- 
Handle Experiment Station at Goodwell, 
Oklahoma. 

The afternoon technical program opened 
with a paper by Richard Anderson on new 
and improved applications of Douglas fir 
plywood in farm structures. This was fol- 
lowed by a panel discussion on the develop- 
ment of farm irrigation systems for Okla- 
homa. C. V. Phagan, extension agricultural 
engineer, OAMC, presided as moderator for 
the panel which included also Van R. Wig- 
gins, Robert B. Duffin, and James E. Gartin. 

At its business session, the Section voted 
to hold its spring meeting at Clinton, Okla., 
where an opportunity will be provided to 
inspect a number of soil mechanics projects 
under way in connection with the watershed 
control work in that area. 


Cornell Conferences on Pest 
Control 


HE agricultural engineering department 

at Cornell University was cosponsor with 
the departments of plant pathology and en- 
tomology at Ithaca and at the agricultural 
experiment station at Geneva of pest control 
conferences held et Ithaca, November 10 to 
12 

A combined program was offered by the 
15th Annual Insecticide and Fungicide Con- 
ference and the 6th Annual Pesticide Appli- 
cation Equipment Conference. Host to the 
combined groups was the Cooperative GLF 
Exchange. 

These annual conferences are held as a 
cooperative effort to report to the agricul- 
tural pesticide and application equipment 
industries on the recommendations for dis- 
ease and insect control for the coming sea- 
son and the highlights of the research of the 
current year upon which the recommenda- 
tions are based. 

Attention was given in the three day pro- 
gram to results of research with mist con- 
centrate and low-gallonage sprays in com- 
parison with high-gallonage equipment. Re- 
ports of research and recommendations for 
disease and insect control covered the fields 
of woody ornamentals, florist crops, turf 
crops, and forage crops. Extensive coverage 
was given to similar reports on potatoes, 
vegetable and fruit crops. Livestock insects 
and houseflies were discussed. 

Representatives of the agricultural engi- 
neering department contributing to the pro- 
gram included O. C. French, who presided 
over the opening session, and W. W. Gun- 
kel and E. D. Markwardt, who reported on 
developments in the application of concen- 
trated and high-gallonage sprays for toma- 
toes and onions. 

Total registration for the three days of 


AGRICULTURAL ENGINEERING for January 1954 


NEWS OF ASAE MEMBERS 


Byron T. Virtue, for some time chief en- 
gineer of the Bearings Division, The Tor- 
rington Co., Torrington, Conn., was recently 
promoted to the posi- 
tion of general sales 
manager. Mr. Virtue 
joined the Torrington 
organization in 1945 
as research and devel- 
opment engineer, and 
shortly thereafter was 
made chief engineer of 
the Bearings Division. 

Mr. Virtue is a na- 
tive of iowa, and an 
agricultural - engineer- 
ing graduate of Iowa 
State College where he 
received his bachelor’s 
degree in 1931 and a master’s degree in 
1932. While in college he was engaged in 
his spare time in work for the agricultural 
engineering section of the lowa Agricultural 
Experiment Station, much of which was de- 
voted to building and testing experimental 
‘ee alee 5 equipment being developed 

y the section. Later he was employed for 
several years as an extension specialist in 
agricultural engineering for the Iowa Agri- 


B. T. VIRTUE 


the conferences reached 402. Representa- 
tives attended from 91 industries and 7 uni- 
versities in the United States; 20 Canadian 
industries and institutions were represented 
by 51 people. Those attending came from 
18 states, Canada and Hawaii. In keeping 
with established policy, no over-all report 
will be issued covering the work of the 
conferences. 


ASAE Research Committee 
Reports 


REPORT of the ASAE Farm Electrifica- 

tion Research Conference Committee to 
the Division of Farm Electrification, U.S. 
Department of Agriculture, has been pre- 
pared, based on its meeting at Beltsville, 
Md., October 29. The report commends the 
Division on its work in progress and urges 
additional attention to nine subjects believed 
to offer major promise for added effective 
use of electricity in agriculture. In part, the 
report reads as follows: 

“If American agriculture is to solve its 
basic long-range needs, it must reduce costs, 
improve quality of its products and expand 
its markets. The proper approach to each of 
these needs is through research and educa- 
tion. Research projects carried on by the 
Division of Farm Electrification in cooper- 
ation with land-grant colleges and univer- 
sities are continuing to improve efficiency, 
save labor, and lower the costs of production 
for the American farmer. 

“In view of the need to improve efficien- 
cies of production, reduce labor and thereby 
lower the cost of production, the Committee 
recommends that basic and fundamental 
electrical research projects that show prom- 
ise of achieving these ends be given in- 
creased support, attention, and consideration. 

“The Committee wishes to commend the 
Division on its continuing efforts to co- 
ordinate the federal research program with 
the various landgrant college experiment 
stations. The Committee also recognizes that 
the Division is actively cooperating with a 
number of commercial organizations and 
recommends that this cooperation be con- 
tinued. 


cultural Extension Service which included 
work in planning and conducting projects 
on farm machinery repair and adjustment 
and a variety of other agricultural-engineer- 
ing activities. 


Bernard P. Rines recently resigned as 
chairman of the agricultural engineering 
department at the University of New Hamp- 
shire to operate an agricultural engineering 
and contracting division of Walnut Crest (a 
family farm at Gorham, Maine). Activities 
include sales, service and manufacture of 
specialized farm equipment, and custom 
operation of forage harvesting equipment. 
His address is Westbrook, Me. 


Calvin K. Mutchler has resigned his posi- 
tion in the agricultural engineering depart- 
ment at the University of Connecticut to 
accept a technical assignment with the 
B. F. Goodrich Co. His new address is 330 
Hopocan Ave., E., Barberton, Ohio. 


Eugene H. Dumm has been transferred by 
the International Harvester Company from 
managerial supervisor of forging operations 
at its Fort Wayne, Indiana, plant, to as- 
sistant service supervisor for the Fort 
Wayne district. 


Recent figures indicate that nation-wide 
extension of electric service to American 
farmers is now 91 percent completed. These 
farmers have invested billions of dollars in 
electric farmstead wiring and electrical farm 
and home equipment. In recognition of the 
tremendous investment and the wide accept- 
ance of electric service by farm people the 
committee, therefore, recommends that major 
attention be given to those projects that 
show the most promise of benefiting the 
largest possible number of farm people. 

In this connection the Committee urges 
that increased emphasis be placed on the 
following projects: 

1 Use of radio frequency to condition 
such farm crops as rice, corn, wheat and 
alfalfa, and to destroy insects, bacteria and 
other microorganisms. 

2 Effect of radiant and electromagnetic 
radiation and fissionable materials on plants 
and animals. 

3 Effect of environmental conditions on 
health and production of poultry and live- 
stock and development of specifications of 
equipment and conditions which will bring 
about further improvements. 

4 The development of electrically oper- 
ated equipment as a substitute for manual 
means of handling feed and forage and in 
chore operations. 

5 Mechanical refrigeration for storing on 
the farm perishable products that must 
otherwise be marketed at time of harvest 
with the resulting in-seasonal market sur- 
pluses and out of season shortages for the 
consumer. 

6 Use of electric energy as a means of 
controlling or exterminating insects that 
damage crops such as, corn, cotton, tobacco 
and other crops. 

7 Use of the heat pump to condition feed 
and forage for farm storage. 

8 Make further study of the processing 
of hay and feeds by use of high temperature 
to prevent enzyme and mold action so that 
higher quality products will results. 

9 Exploration of the processes of photo- 
synthesis as it relates to the most efficient 
production of food and fiber. 
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Steel Link-Belt for moder- 
ate-strength power trans- 
mission and conveying. 
Also available in malleable. 


AGRICULTURAL ENGINEERING for January 1954 


J. I. Case Portable Elevator utilizes lightweisbrt. 
economical Steel Link-Belt to elevate ea* corn 
into crib. 


LINK-BELT offers the chain 
that’s best for every job 


bp many varied farm implement drive and con- 
veying jobs performed by chains and sprockets 
require different physical characteristics. Steel 
Link-Belt is an example of how Link-Belt builds 
a type and size for every purpose. 

In addition, every chain in the complete Link- 
Belt line is built for longer life. Rigid control of 


Class 400 Pintle chain— 


joint, for light conveyor, 
elevator or drive duty. 


For low-cost farm implement 
drive or conveyor service - - 


L LINK-bE 


CHAINS AND SPROCKETS 


Double-Pitch Precision 


=. 
J gr ae Ray RI ‘e 


raw materials and manufacturing processes is your 
assurance of greater uniformity. 

For all the facts on Steel Link-Belt, ask for Book 
2403. And for information on the complete Link- 
Belt chain line, see your nearest Link-Belt repre- 
sentative. 


LINK-BELT COMPANY: Plants: Chicago, Indianapolis, Phila- 
delphia, Colmar, Pa., Atlanta, Houston, Minneapolis, San 
Francisco, Los Angeles, Seattle; Scarboro, Toronto and Elmira, 
Ont. (Canada); Springs (South Africa): Sydney (Australia). 

Sales Offices in Principal Cities. 13,331 


No one chain serves every purpose . . . get the RIGHT one from Link-Belt’s smite line 


» 
4 


4 
~ 


combines high horse- 
power with light weight. sprockets. 


i § 


‘ Precision Steel Roller Complete Link-Belt 
cast links with closed pin Steel Roller Chain, for Chain, standard pitch, 


conveyor, power transmis- 
sion applications. 


sprocket line includes 
single and multiple width 
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That’s LE ROI heavy-duty power 


Power that pays off in 
Dependable service! 
Operating economy! 
Easy maintenance! 


THE extra reliability of Le Roi engines is 

a proved fact — proven by dependable and 
economical performance on one tough job 
after another. 


A Le Roi is no automotive lightweight — 
it’s a power-packed valve-in-head engine de- 
signed from scratch for heavy-duty service. 
It has the weight and stamina it takes to stand 
the punishment handed out to field equipment. 
It has advanced design, precision machining, 
and quick-maintenance features. 


These are reasons why Le Roi is a leader in 
the heavy-duty field. They’re reasons why you 
find so many Le Roi engines powering oilfield 
equipment, construction equipment, industrial 
machinery, and agricultural equipment. 


Let Le Roi’s performance record guide your 
judgment, when you buy equipment or select 
engines for original-equipment or replacement 
power. Le Roi has a full range of sizes from 
15 to 635-hp — for gasoline, natural gas, 
butane. And remember — Le Roi power is 
power that pays off. 


Write for latest bulletins. 


Ou Can punish! 


eS SMT Kr ear he a 
So) Se yk cee = A eg | 


an 


A typical Le Roi engine application in the 
construction field—powering a Haiss loader. 


LS RO] COMPANY 


A Subsidiary of Westinghouse Air Brake Co. 


MILWAUKEE 14, WISCONSIN 


—-88 


Plants: Milwaukee @ Cleveland — Greenwich — Dunkirk, Ohio © Coldwater, Michigan 


Applicants for Membership 


The following is a list of recent applicants for 
membership in the American Society of Agricul- 
tural Engineers. Members of the Society are 
urged to send information relative to applicants 
for consideration of the Council prior to election. 


Anderson, David A.— Division engineer, 


J. I. Case Co., Rockford, III. 


Bagley, Jay M. — Field engineer, Farm Im- 
provement Co., 2045 S. Holly St., Denver, 
Colo. 


Barefoot, Armond D.—Superintendent, agri- 
cultural experiment station, Oklahoma 
A. & M. College. (Mail) 116 W. Elm, 
Altus, Okla. 


Beale, William S.—Manager, Gordon Edgell 
& Sons Ltd., Cowra, N.S.W., Australia. 
(Mail) PO Box 127 


Birth, Gerald S.—Research engineer, agricul- 
tural engineering dept., Michigan State 
College, East Lansing, Mich. 


Boving, Peter A.—Graduate student, Univer- 
sity of California, Davis, Calif. (Mail) 
RR 1, Box 2 


Campbell, Joseph K.— Engineer trainee, 
New Holland Machine Div., The Sperry 
Corp. (Mail) E. Main St., Belleville, Pa. 


Carlson, C. W.—Manager, John Deere 
Spreader Works, 1209 13th Ave., East 
Moline, Ill. 


Day, Douglas C.—2nd Lt., U.S.A.F. (Mail) 
Fly Creek, N. Y. 


Dirksen, Dav'd P.—2nd Lt., U.S. Army. 
(Mail) 376 Meadow Drive, Rochester 18, 
New York 

Elliott, Brantford G.—Project engineer, Har- 
ry Ferguson, Inc. (Mail) 621 N. Ver- 
mont, Royal Oak, Mich. 


Every, Charles H.—Student, Michigan State 
College. (Mail) RR 1, Tecumseh, Mich. 


Eyolfson, Donley D.—2nd Lt., U.S.A.F. 
(Mail) 1414 Monroe St., Denver, Colo. 


Flanagan, Vernon D. — Design engineer, 
Layne & Bowler Corp. (Mail) 15048 E. 
Starbuck, Whittier, Calif. 


Floyd, Charles $.—Service supervisor, south- 
western div., Minneapolis-Moline Co. 
(Mail) 510 W. Cherry St., Nevada, Mo. 


Friday, William H.—Graduate student, Mich- 
igan State College, East Lansing, Mich. 
(Mail) 433 C. Hawthorn 


Furry, Ronald B.—Instructor in agricultural 
engineering, Stocking Hall, Cornell Uni- 
versity, Ithaca, N. Y. 


Gibbel, Robert O.—College trainee, Cater- 
pillar Tractor Co., Peoria, Ill. (Mail) 
203 Cedar Ave. 


Gockowski, Jerome A.—Engineer-in-train- 
ing (SCS), USDA, Owatonna, Minn. 
(Mail) 139 W. McKinley St. 

Griffin, William H., Jr.—U.S. Army. (Mail) 
RR 1, Thorsley, Ala. 


Haddock, Donald J.— 2nd Lt., U.S.A.F., 
dept. of meteorology, Florida State Uni- 
versity, Tallahassee, Fla. 


Hay, Arthur C.—Process engineer, Ander- 


son, Clayton & Co. (Mail) Western Cot- 
tonoil Co., PO Box 191, Lubbock, Tex. 


Heffington, William E.—Agricultural engi- 
neer (SCS), USDA, Lonoke, Ark.( Mail) 
Box 135 


Hennen, John J.—Student engineer, John 
Deere Ottumwa Works, Ottumwa, lowa. 
(Mail) 1118 East 2nd St. 


(Continued on page 48) 
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3 MILES OF “TILE” AN Hour [or 25¢ 


Mucky, low, wet land is economically drained by moleball 
subsoiling on many farms. Shown here is the operation on the 
Harry Becker Farms near Decatur, Michigan. Drainage slots 
are cut at frequent intervals between lateral ditches. This 
accomplishes the dual function of breaking up a plow pan to 
let surface water sink quickly to the subsoil, and to drain off 
surplus ground water. The advantages of the Cat* Tool Bar 
system of moleball subsoiling are obvious for this application: 
Effective subsoil-moleballing requires placing a molehole 18” 
to 24” deep. This operation requires more tractive effort than 
an ordinary wheel tractor can exert . . . therefore, the Cater- 
pillar track-type Tractor’s extra pulling power is necessary. 
Direct-coupled to the Cat Diesel Tractor, it is easy to back 
the tool bar subsoiler up to the drainage ditch, drop the point 
and moleball into the ditch, and pull the tool forward. This is 
far easier with mounted equipment than towed equipment. A 
slight crown is established so that drainage water runs in both 
directions from the middle. It is easy to maintain this crown- 
ing effect since the positive Cat No. 41 Hydraulic Control 
permits raising the subsoiler-moleball a fraction of an inch 
at a time. 


Depending on soil conditions, the subsoiler-moleball drainage 


DIESEL ENGINES e TRACTORS e MOTOR GRADERS e EARTHMOVING EQUIPMENT 


hole usually provides adequate drainage for several years. 
When the efficiency of the drainage system has been impaired 
by cave-ins etc., it is a simple matter to re-run the moleball 
holes. This system has considerable merit for replacing filled- 
up tile, for virgin sub-drainage work and for “quick sand” 
subsoils that permit drainage tile to sink out of line, quickly 
filling up and impairing drainage. 


Cat Tool Bar farming opens up new frontiers for the American 
farmer. Now he has the power, traction, economy operation 
and the tools at reasonable prices to follow good soil improve- 
ment practices. He can own a complete deep tillage and land 
improvement outfit for use with his Cat D2 Tractor, including 
the basic tool bar with bulldozer blade, 5 chisels, subsoiler 
and 8 cultivator shanks for $996.80f. 


For the complete story on Cat Tool Bar Farming, write Cater- 
pillar Tractor Co., Peoria, Ill., Dept. AE-154 for your free 
copies of “Power Farming” and “Farming the 3 Dimensions”. 


Caterpillar Tractor Co., Peoria, Ill., U. S. A. 


+ Price f.0.b. factory, Peoria, Illinois, subject to change without notice. 
Does not include tractor with hydraulic pump and controls. 
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Applicants for Membership 


“Pressure-Creosoted fence posts <=" 


Henson, Clarence E., Jr.—Junior engineer, 
ea David Bradley Mfg. Works. (Mail) 1550 
7] — E. Chestnut, Kankakee, III. 
= ‘ 


_ fest 300 Stnnes longer 


Hibl, Joseph J.—Engineer trainee, The Tim- 
ken Roller Bearing Co., Canton, Ohio. 
(Mail) 2112 Iris Ct. N.W. 


Higginbotham, James A., Jr:—Agricultural 

engineer, The Ohio Tractor and Imple- 

ment Co. (Mail) 460 Nellston St., Co- 
lumbus 3, Ohio 


| Holt, Robert H., Jr.—Production trainee, 
ttt a Ralston Purina Co., Nashville, Tenn. 
(Mail) Apt. 10, Brookside Court Annex 


Huddleston, Kenneth E.—Assistant to exe- 
cutive secretary, Farm Equipment Insti- 

‘ 4“ tute, 608 S. Dearborn St., Chicago, III. 
t a = 
as 4] _ 


— , 


Huntington, David H.—Assistant professor 
of agricultural engineering, University of 
Maine, Orono, Me. 

Jenkins, Donald H. — Student, California 


State Polytechnic College, San Luis Ob- 
ispo, Calif. (Mail) PO Box 1338 


Johnson, Ernest A. — Agent (BPISAE), 
USDA. (Mail) Agricultural engineering 
dept., Purdue University, Lafayette, Ind. 


RIAD 


Johnson, Roger F.—Field agricultural engi- 
neer, G.L.F. Northeast Area, 32 Cham- 
pion Rd., New Hartford, N. Y. 


Kinard, George P. — Assistant agricultural 
engineer, Clemson College, Clemson, $.C. 
(Mail) NBA 3 


Klose, George L.—Trainee, Caterpillar Trac- 
tor Co., Peoria, II]. (Mail) 303 Russell St. 


Knox, Abba J.—District engineer (SCS), 
USDA, PO Box 1527, Haifa, Israel 


Krohn, Robert L.—Ens., U.S. Navy, Naval 


‘ Air Station, Pensacola, Fla. 
@ It’s true. Pressure-creosoted fence posts last 3 to 5 times shower amghes 


A Lawson, Lewis E. — Student, University of 
longer than most types of untreated posts. And that long service Nebraska, Lincoln, Nebr. (Mail) 1315 
life means money in the farmer’s pocket, not to mention the North 41st St. 


en  - : Leslie, Wayne B.—Student, Oklahoma A. & 
amount of valuable time and effort he’ll save by not having to M. College. (Mail) RR’ 3, Leedey, Okla. 


McClure, Billy D. — Electrical development 
. ae is . a bs engineer, 4-County Electrical Power Assn., 

In addition to outee long service life, pressure-creosoted posts PO Drawer 827, Columbus, Miss. 
offer another very important advantage—they are unharmed Nicheon, Gorden 1.~Gales tcaince, Masecy 


by repeated grass fires, sustaining, at the most, only a minor a .y Fargo, N. D. (Mail) 1433 
12th St. N. 


Manwaring, Howard S.—Assistant director 
For complete information about creosote, write to Koppers of engineering, International Harvester 


ere , ‘ Co., Chicago, Ill. (Mail) Apt. 1017, 1360 
Co., Inc., Tar Products Division, Pittsburgh 19, Pennsylvania. can hag - er dies ; 


repair and replace deteriorated untreated posts. 


surface char. 


Meinert, Harry M.—Junior product engi- 
neer, John Deere Planter Works of 
KOPPERS COMPANY, INC., PITTSBURGH 19, PENNSYLVANIA aa 


Ter Products Givision Merydith, Charles W.—Field representative, 


DISTRICT OFFICES: McDowell Mfg. Co., 301 Stanton Ave., 
Woodward, Alabama Beston, Massachusetts, 250 Stuart Street Pittsburgh 9, Pa. 
Chicago, Illinois, 122 S. Michigan Avenue Los Angeles, 5, California, 3450 Wilshire Blvd. Moss, Nelson E.—Manager, irrigation dept., 
New York, N. Y., 350 Fifth Avenue Pittsburgh, Pennsylvania, Koppers Building Farmers Mercantile Co., Salinas, Calif. 
(Mail) 245 Dororo Drive 


Musick, Jack T.—Student and graduate as- 
Ali Standard Specifications sistant, Oklahoma A. & M. College, Still- 
water, Okla. (Mail) E150 Bennett Hall 


Ogle, Claude B., Jr.—Vice-president, Atlas 


y : : ‘ . ‘ : . ; Scraper and Engineering Co., 6203 May- 

KOPPERS Ce, a 5 : gg t wood Ave., Bell, Calif. 
ou a ' i ; Mm 86 Olsofski, Matthew R.—Student engineer, 
ay ; ‘ ee mcd John Deere Waterloo Tractor Works, 
Waterloo, Iowa. (Mail) 226 Leland Ave. 


(Continued on page 50) 


The Performance-Proved Wood Preservative 
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@ A New pea spreader will quickly pay for itself 
in bigger and better yields. 

There are many reasons why a New IDEA 
manure spreader gives the farmer more value 
per dollar—even spreading, large upper 
_ cylinder, heavy duty distributor, steel frame lined 
with wood, extra capacity—but the real reason 
for owning a New IDEA spreader comes from 
a comparison with other spreaders. New IDEA 
spreaders just give more for the money... 


they outperform and outwear others. 


rT >} Nn y we _ 
Y ye Dp Ez B Bic P 
NEw [pEA es po sg aS New Ioea No. 15—Power take-off, rides on big 


FARM EQUIPMENT COMPANY Ne Ai 9.00-24 tires, has four different feed ranges for 
VCO BBO ORL ae each forward speed of tractor. 


Division Distributing Corporation -" 
gadis Flared type, non-choking 


COLDWATER, OHIO, U.S.A. bed permits extra copacity. 


New Ivea No. 10-A—For use with tractor New Ipea No. 14-A—Has 6 different and positive New Ivea No. 12-A—Has 5 different conveyor 
or team. Five different conveyor speeds, conveyor speeds. Rides on traction type 7.50-20 speeds. Specially designed for 7.50-24 tires. The 
rubber tires or steel wheels. tires. Ideal for hauling on livestock farms. largest ground wheel driven spreader on market. 
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Accredited A-E Curriculums 
Reported 


P gegen LTURAL engineering curriculums 
land-grant colleges and universi- 
ties are now accredited by the Engineers’ 
Council for Professional Development, ac- 
cording to the 21st annual report of that 
body for the year ending September 30, 1953. 
Curriculums shown as accredited during 
and since the initial accrediting period in 
1936-38, are those at lowa State College, 
Kansas State College, and the University of 
Nebraska. 
In the renewed accrediting activitiy since 
World War II, additional agricultural en- 


gineering curriculums accredited, by year 
of accrediting, are shown as, in 1949, Uni- 
versity of California (curriculums at both 
Davis and Los Angeles) and Oregon State 
College; 1950, University of Idaho, Univer- 
sity of Illinois, and University of Minnesota, 
Louisiana State University, Purdue Univer- 
sity, Michigan State College, Oklahoma 
A & M College, A & M College of Texas, 
Utah State Agricultural College, and State 
College of Washington; 1951, Virginia 
Polytechnic Institute; 1952, University of 
Missouri and Rutgers University; 1953 Ala- 
bama Polytechnic Institute, Clemson Agri- 
cultural College, North Dakota Agricultural 
College, and West Virginia University. 


To FIT THE 
MACHINE , 


+ 


WISCONSIN-Powered 
Power-Trac Tractor 


An AKN 6 hp. single-cylinder Wisconsin Heavy-Duty Air- 
Cooled Engine drives this Montgomery Ward Power Trac 
Tractor. The self-priming centrifugal pump up front delivers 
3,300 gallons per hour — one of 27 different attachments. 
Water in two milk can cooling tanks puts out this blaze. 


4-cycle 
single-cylinder, 
3 to 9 hp. models. 


Built into every Wisconsin are features that assure years of 
steady dependability. You get tapered roller bearings at 


both ends of the shaft, taking up all thrusts. Bearing failure 
is unheard of. Also, fool-proof air-cooling, operating effi- 
ciently in all temperatures, is your assurance of service-free 


2-cylinder 
7 to 15 hp. 
models. 


operation. And, an easily-serviced OUTSIDE magneto de- 
livers faster starts, steadier running always. 


Your power file isn't complete unless you have the new 
64-page Wisconsin Engine catalog with specifications on 
all 4-cycle single-cylinder, 2-cylinder and V-type 4-cylinder 


models, 3 to 36 hp. plus many applications. Write today. 


V-type 4-cylinder 
15 to 36 hp. 
models. 
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Applicants for Membership 
(Continued from page 48) 


Opper, Lincoln !.— V-belt engineer, The 
Dayton Rubber Co., Dayton, Ohio 


Pakala, George W.—Graduate fellow, de- 
partment of agricultural engineering, Pur- 
due University, West Lafayette, Ind. 
(Mail) 10-1 Ross-Ade Drive 


Price, Louis W.—Power use advisor, Inland 
Empire Rural Electrification, Inc., Spo- 
kane, Wash. (Mail) N. 1911 Ely 


Raney, John P.—Student, Purdue University. 
(Mail) 425 N. Broadway, Butler, Ind. 


Rector, J. D.—Junior engineer, David Brad- 
ley Mfg. Works. (Mail) 545% S. Can- 
non, West Kankakee, III. 


Reed, Richard D.—Engineer, Krauss Heat- 
ing and Ventilating Co., St. Petersburg, 
Fla. (Mail) 1416 40th Ave. North 


Richardson, Harvey H.—2nd Lt., U.S. Air 
Reserve. (Mail) 716 W. Schaaf Rd., 
Cleveland 9, Ohio 


Rush, Alvin P.—2nd Lt., U.S. Army. (Mail) 
Box 413, Student Officers Detachment, 
Aberdeen Proving Ground, Md. 


Schaubert, Darwin J.—2nd Lt., 
(Mail) Bowdon, N. D. 


Shropshire, David C., Jr.—Sales engineer, 
Ross Gear & Tool Co., Lafayette, Ind. 
(Mail) 2915 Greenbush St. 


Soucek, Frank J., Jr.—Commercia! represen- 
‘ative, sales dept., Virginia Electric & 
Power Co. (Mail) Disputanta, Va. 

Stafford, Darrell E.—2nd Lt., U.S. Army. 
(Mail) RR 2, Box 666, Grants Pass, Ore. 

VanLiew, Kenneth E.—U.S. Air Reserve. 
(Mail) Union Springs, N. Y. 


Williams, Robert L.—Agricultural engineer, 
Johns Equipment Co., Farmville, Va. 


USAF. 


Wotring, Earnest H. — Power use adviser, 
Oklahoma Statewide Electric Cooperative, 
2726 N. Oklahoma, Oklahoma City, Okla. 


Zollars, Richard U.—Project engineer, John 
Deere Ottumwa Works, Ottumwa, Iowa. 
(Mail) 409 W. Maple St. 


Transfer of Membership Grade 


Colwick, Rex F.—Agricultural engineer, Re- 
gional Cotton Mechanization Project, Box 
175, State College, Miss. (Associate 
Member to Member) 


Gerard, E. D.—Instructor, dept. of agricul- 
tural engineering, California State Poly- 
technic College, San Luis Obispo, Calif. 
(Affiliate to Member) 


Graham, Clyde W.—Flood prevention spe- 
cialist (SCS), USDA. (Mail) PO Box 
711, San Saba, Tex. (Associate Member 
to Member) 


Kolega, John J.—Instructor in agricultural 
engineering, University of Connecticut, 
Storrs, Conn. (Affiliate to Associate 
Member ) 


Liu, Yong-Chi—Research fellow in agricul- 
tural engineering, University of Minne- 
sota, St. Paul, Minn. (Associate Member 
to Member ) 


Reams, Robert E.—Assistant engineer, Allis 
Chalmers Mfg. Co. (Mail) 2046 S. 8th 
St., Milwaukee, Wis. (Associate Member 
to Member ) 

Snyder, Graydon N.—Agricultural engineer, 
The Ohio Power Co., 45 S. Monroe St., 
Tiffin, Ohio (Associate Member to 
Member ) 
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IARDENING 


for MAXIMUM LIFE EXPECTANCY 
in EVERY BEARING! 


Only se |y SEALMASTER 


is HARD HERE 
but SOFT HERE 


Zi 


to permit race-to-shaft locking 
increased holding power 


to insure greater resistance to shock 
and vibration 


to minimize danger of fretting corrosion and 
eliminate shaft wear by firmer locking 
of bearing to shaft 


Zone Hardening is another major development... in a long 
history of SEALMASTER advances that includes: the first 
self-aligning, permanently sealed industrial ball bearing 
unit... the first outer race locking pin... the first ball 
retainer riding the inner surface of the outer race ring. 
Write for your copy of SEALMASTER Catalog No. 845. 


*ZONE HARDENING 


is a completely automatic heat 
treating process by which the inner race 
ring of SEALMASTER Ball Bearing Units 
is hardened through ball path 

section only. (See cutaway view.) The 
extended part of the inner race is left in its 


original metallurgically soft, tough state. 


Hardened set screws are mounted through 
this soft portion, to provide firm race-to-shaft 
locking and the performance advantages 
mentioned above. ZONE HARDENING 
is patented—exclusively SEALMASTER’S! 


ome SAREEMES SEALMASTER BEARINGS 


PERMANENTLY SEALED 
SELF-ALIGNING * PRE-LUBRICATED 
FLOATING BALL RETAINER 


A Division of Stephens-Adamson Mfg. Company 


67 Ridgeway Avenue, Aurora, Illinois 
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PERSONNEL SERVICE 
BULLETIN 


Note: In this bulletin the following listings 
still current and previously reported are not re- 
peated in detail; for further information see the 


issue of AGRICULTURAL ENGINEERING indicated. 


POSITIONS OPEN 
O-255-527. 


JUNE—O-147-524. 
SEPTEMBER—-0-301-530. OCTO- 
BER-—0O-348-534, 344-536, 361-537. NOVEM- 
BER —- 0-341-538, 387-539, 384-540, 399-541. 
DECEMBER—-0-430-542, 454-544, 465-545, 471- 
546, 479-547, 462-548. 


JULY 


POSITIONS WANTED--MAY—W-193-31, 196-32. 
JUNE—W-204-34, 200-36, 203-37, 220-40. JULY 
W-260-42. AUGUST-—W-248-45, 272-46, 278- 
49, 292-50. SEPTEMBER-——-W-306-53, 321-54, 


339-56. OCTOBER — 333-57, 357-58, 359-59. 
NOVEMBER—W-329-60, 351-61, 356-62, 368-63, 
367-64, 388-65, 369-66, 391-67, 381-69, 378-71, 
398-72, 350-73, 404-74, 426-75. DECEMBER— 
W-395-76, 410-77, 431-78, 396-79, 405-80, 425-81, 
420-82, 443-83, 423-84, 453-85, 441-86, 451-87. 


NEW POSITIONS OPEN 

AGRICULTURAL ENGINEERS (3) for work 
with the department of agriculture of a govern- 
ment in Africa. Work will include management 
of machines and mechanized crop production 
projects, training of native operators, research, 
and advisory service to individual farmers. BS 
deg in agricultural engineering, or equivalent. 
Single men preferred. Age 27-33. Appointment 
on contract for indefinite period, terminable on 
6 mo notice—by either party. Liberal passage 
and leave provisions. Salary to £1600 per year, 
payable partly in dollars. Cost of living bonus. 
Application forms and further details on re- 
quest. O-488-549 


6.6 H.P. 
12.0 H.P. 
26.8 H.P. 


Kohler Engines are engineered and manufac- 
tured to the high standards which have made 
the Kohler mark known for quality the world 


over. 


Power for garden tractors, pumps, sprayers, 
snow removal equipment, grain elevators, 
hoists, portable saws, concrete mixers, com- 
pressors, industrial lift trucks. 


har 


Sonia 
rr; 


a 


Bi? 


K330 


Kohler Co., Kohler, Wisconsin 
Established 1873 


‘PLUMBING Fixtures 


er 


Write for information 


DRAFTSMAN, for design work with manu- 
facturer of farm equipment. Location in Penn- 
sylvania. Age 21-45. Mechanical drafting ex- 
perience desirable. Want steady man willing to 
live in city of about 17,000. Head of small 
department will oversee and direct closely. Good 
chance to learn. Pay $1.50 to $1.75 per hour at 
start. O-491-550 


AGRICULTURAL ENGINEER (agricultural 
market specialist) to promote use of various 
steels in agricultural equipment, through re- 
search projects, group contacts, and editing re- 
ports and bulletins. Midwest. BS deg in agri- 
cultural engineering or equivalent, with major 
in power and machinery. Age about 25. Intel- 
ligent, pleasing personality. Able to write well 
and speak before technical and trade groups; 
to supervise and coordinate research; to see and 
promote new possibilities. Excellent opportunity 
for young man who likes technical promotional 
work and has potential for development in that 
field. Starting salary $375 per mo O-494-551 


AGRICULTURAL ENGINEER to teach rural 
electrification and farm structures in a state 
university in the South. MS deg preferred. 
Some field experience desired. Usual personal 
qualifications for college teaching. Opening ef- 
fective July 1 or sooner. Salary open. O-508-552 


NEW POSITIONS WANTED 


AGRICULTURAL ENGINEER for design, 
development, research, or writing in power and 
machinery or product processing field with 
manufacturer or processor preferably in Pacific 
Coast area. Married. Age 27. No disability. 
BS deg with agricultural engineering option, 
University of California, 1951. Experience as 
chairman (engineering aide) 2 mo; junior as- 
sistant engineer on ships 5 mo; engineering 
detailer 2mo. Commissioned service in US 
Navy 2 yr, 1951-53. Available now. Salary 
$4800. W-456-88 


AGRICULTURAL \WNGINEER for creative 
mechanical engineering in design, development, 
and research in farm equipment field, with 
manu‘acturer. Some preference fof central 
Northeast location. Married. Age 25. No dis- 
ability. BS deg in mechanical engineering, 1951; 
MS deg in agricultural and mechanical engi- 
neering expected February 1954, Cornell Univer- 
sity. Farm background. Test engineer with 
General Electric Co. two summers. Field test- 
ing, drafting, layout, and design with farm 
equipment manufacturer, 15 mo. Graduate 
teaching assistant in farm power and machin- 
ery, 2 terms. Cornell Aeronautical Laboratory 
in work on automobile dynamics, 3 mo. Avail- 
able Feb. 8. Salary open. W-487-89 


AGRICULTURAL ENGINEER interested in 
application of engineering to agricultural pro- 
duction or processing problems. Desire position 
with consultant, farming operation, processor, 
manufacturer, distributor, or contractor where 
there is opportunity for advancement based on 
ability and initiative. BS deg in agricultural 
engineering. Three years agricultural extension 
engineering work interrupted by recall to active 
duty with the U.S. Navy. Commercial farm 
background with business and sales experience. 
Five years commissioned service U.S. Navy. 
Executive and administrative experience. 
Skilled in crafts related to engineering. Able to 
work well with others. Age 33. Married. No 
disability. Available about January 1. Salary 
open. W-490-90 


AGRICULTURAL ENGINEER, experimental 
director and writer desires to get into sales pro- 
motion or sales and service management in the 
field of rural electrification. Have plan that 
will be very valuable to the proper organization 
in this particular field. Prefer working in the 
Western States. BS and MS deg in agricultural 
engineering, 1940 and 1950, respectively. Five 
years commissioned service with U.S. Air 
Force during World War II. Five years with 
electric utility company part of which was as a 
rural electric agricultural engineer. Six and 
one-half years in rural electric experimental 
development and writing with land grant col- 
lege. Also %-time teaching rural electrification 
classes during this time. Have written and 
published over thirty publications in field of 
rural electrification. Licensed professional agri- 
cultural engineer. Eighteen years farm back- 
ground. Married. Age 38. No disability. Available 
on reasonable notice. Salary $10,000. W-484-91 


AGRICULTURAL ENGINEER for design de- 
velopment, research, extension, or teaching in 
rural electric or soil and water field with in- 
dustry or public service in Midwest or South. 
Single. Age 28. Slight disability. BS deg in 
agricultural engineering, 1952, South Dakota 
State College. Farm background, including 2 yr 
farm experience after high school. Enlisted 
service in Infantry and Army Service Forces 
(finance). In present position, construction 
engineer on 115 KV transmission lines and sub- 
stations, Bureau of Reclamation, 20 mo. Avail- 
able on reasonable notice. Salary open. W-418-92 
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Everything...on tracks! 


In this all-new, 3-plow Oliver “OC-6” crawler is 
every significant farm power feature a farmer 
wants! Plus two great advantages—extra traction 
and flotation. 

First of all, there’s a choice of two smooth, 6- 
cylinder overhead valve engines—diesel or gasoline. 
Added to that are six forward speeds, an inde- 
pendently controlled power take-off, convenient 
hydraulic control system, comfortable rubber 


“OLIVER 


“FINEST IN FARM MACHINERY” 


AGRICULTURAL ENGINEERING for January 1954 


torsion spring seat and a three-point hitch with 
tool bar attachments. 

Here’s a tractor that converts more engine power 
into pulling power, that goes anywhere in any 
weather. Yet, it “floats” over sand and muck, leav- 
ing track marks shallower than your footprints! 


The OLIVER Corporation 
400 West Madison Street, Chicago 6, Illinois. 


The OLIVER Corporation 
400 West Madison Street 
Chicago 6, Illinois 


crawler. 


State. 


Please send me information on the new Oliver “OC-G6" 
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for Posilive 


Power Trower HULIUOIL 


Equipment with on 


) | y bl 
specif al 
saeey for the broadcast spraying of 


cu grains, grasses and liquid fertilizers 


Easily mounted on rear of tractor. Use where spray 


RO L L ER Cc a Al N D RIVES boom accuracy is not needed. Sprays to both sides 


in field spraying or one side only in fence row or 
road side spraying. A Spraying Systems Co. original 
EFFICIENT ped | sat at Stina at onag hea fee 
Sy praying liquid fertilizers. 
ECONOMICAL QS For complete information write for Bulletin 66. 
DEPENDABLE 


GunJet SS 
SPRAY GUNS = 
All capacities. Write for Bulletins 65 and 69 RSS 


For TeeJet SPRAY NOZZLES... write for Bulletin 58 


SPRAYING SYSTEMS CO. soinccs ohins. 


Minois 


Farm Machinery Designers 


Graduate Engineers, Mechanical or Agri- 
cultural, with farm machinery background, 
that are interested in the design and devel- 
opment of Harvesting equipment. 


© No slip or stretch : f, Openings in an expanding Engineering 
e Exact speed ratios maintained 


‘ — anne gener _— graduates or those with years of experi- 


Bf you ten want seller chains that Rese ence. Opportunity for advancement for 
can take it~ that can cut operating : @ igi . 22 . 

sala unihdhie tan acaianen, ge) those who wish to join a progressive organ- 
then take advantage of a ote L- 

Cuilman roller chain drive 
tailored to your needs. 


Department for all grades including recent 


ization. 


For full information or help on aR oe Ideal Engineering facilities, located in a 


your power transmission problems Sweet's Catalog for tty i i 
write direct or contact the Cullman Product Designers, small city in the Midwest. 


man in your area. or for ae —_ 
write for catalog . . * 
its. ft deunahens Salaries commensurable with education, 


experience, and background. 


u j i rr aA ri Address box number NI-53, c/o Agricul- 


NF POWER TRANSMISSION tural Engineering, St. Joseph, Michigan. 
ww ROLLER CHAINS AND SPROCKETS 


REPRESENTATIVES AND DISTRIBUTORS IN ALL PRINCIPAL CITIES 
CULLMAN WHEEL COMPANY, 1344 = ALTGELD ST., CHICAGO 14, ILLINOIS 
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“[’m proud to be 


a Savings Bonds salesman 
for Uncle Sam...” 


CHARLES M. WHITE 
Poi Corporation 


in this way. 


“Pm proud to be a Savings Bonds salesman for Uncle Sam and I urge every 
business executive in the nation to advance the cause of American enterprise 


“Every one of us at Republic Steel is proud of the results of our Payroll 
Savings campaign: 96.7 per cent of our employees saving systematically from 
each pay in U. S. Savings Bonds. These results were possible only because all 
68,344 of us at Republic were part of an enthusiastic team. We feel that this 
is the best way we can demonstrate our appreciation of the efforts to have a 


@ 96.7% of Republic Steel’s 68,344 employees— over 
66,000 men and women—are enrolled in the Payroll Sav- 
ings Plan. 


@ These 66,000 members of Republic’s “enthusiastic 
team,” as Mr. White so aptly terms them, are investing 
more than, $16,000,000 per year in U.S. Savings Bonds. 


@ In addition to building personal security, these men and 
women of Republic are making a very important contribu- 
tion to America’s “efforts to have a sound dollar and a 
stable economy.” 


Certainly Republic Steel’s Payroll Savings record is out- 
standing—one of the best in the country. But it is not 
unique. Other companies have comparable records, meas- 
ured in percentage of employee participation, or in annual 
Savings Bond purchases. 


In every company with a high percentage Payroll Sav- 
ings Plan you will find that the president or top executive 
appreciates the importance of the Plan and what it means 


sound dollar and a stable economy.” 


to personal and national security. He knows that 45,000 
companies have Payroll Savings Plans . . . that 8,000,000 
employees of these companies are investing more than 
$160,000,000 per month in Savings Bonds .. . that the cash 
value of Savings Bonds held by individuals today is more 
than 36 billion dollars—and rapidly mounting, thanks 
largely to the steadily increasing family of Payroll Savers. 
He is 100% behind his company’s Payroll Savings Plan, 
and everybody in the company knows it. He takes personal 
pride in watching employee participation grow to 60%, 
70%, 80%, or, perhaps, the high 90's. 

If you are not making this important contribution to 
America’s effort for a sound dollar and a stable economy, 
a wire or letter to Savings Bonds Division, U.S. Treasury 
Department, Washington, D. C., will bring prompt coopera- 
tion from your State Director. He will show you how easy 
it is to join Mr. White and thousands of other executives as 
a Savings Bond Salesman for Uncle Sam, with a company 
Payroll Savings Plan that you can be proud of. 


The United States Government does not pay for this advertising. The Treasury Department 
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thanks, for their patriotic donation, the Advertising Council and 
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Professional Directory 


RATES: 80 cents per line per issue; 40 cents 
per line to ASAE members. Minimum charge, 
five-line basis. Uniform style setup. Copy must 
be received by first of month of publication. 
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FRANK J. ZINK 
Agricultural Engineering Service 


Development - Design - Research - Markets 
Public Relations 


BOARD OF TRADE BLDG., CHICAGO 4, ILL. 
Tel. HArrison 7-0722 


Agricultural Engineers 
YEARBOOK 


The first edition of an ASAE-sponsored 
yearbook will be published and distributed 
to ASAE members early in 1954. It will 
be known as the AGRICULTURAL ENGI- 
NEERS' YEARBOOK, and each member 
will receive one copy without charge. It 
will be on sale to non-members at a 
price of $5.00 per copy. 


The Yearbook will contain a wide variety 
of information, for which ASAE members 
have frequent need. The main features 
will include (1) a roster of ASAE offi- 
cers, divisions, sections, committees, and 
individua' members; (2) the constitution, 
by-laws and rules of the Society; (3) 
standards, recommendations, and engi- 
neering data officially adopted or en- 
dorsed by the Society, and (4) a directory 
of manufactured products that agricultural 
engineers will find helpful in their vari- 
ous fields of activity. 


AMERICAN SOCIETY 
OF AGRICULTURAL ENGINEERS 


ST. JOSEPH, MICHIGAN 


# 4 Point Body Comfort 


The new Milsco "Monarch" features deep cushion com- 
fort with full 4-point body support. Ruggedly 

built; attractively styled. Designed for 

stepped-up work efficiency on many 


(Sold 


to equipment manufacturers only.) 
Write for catalog on your company 
letterhead. 


MILSCO MFG. CO. 


2732 N. THIRTY-THIRD STREET 
MILWAUKEE 45, WISCONSIN 
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13 Tough Gems in the 
"Full-Jewelled” Gleaner— 


All New Departures 


2 Cylinder ball bearings 

2 Traction drive ball bearings 

2 Input Shaft ball bearings 

2 Main Clutch Shaft ball bearings 
1 Power Take-off ball bearing 

4 Belt Idler ball bearings 


Farm equipment that is always 
dependable is worth its weight in 
golden grain. That’s why Gleaner 
Harvester’s Self-Propelled Combine 
has won the regard of farmers across 
the nation. And 13 New Departure 
ball bearings helped win that regard. 
These bearings take thrust and 
radial loads in any combination ... 
preserve original alignment accu- 
racy . . . require almost no main- 
tenance . . . give longer life at high 
efficiency. Every New Departure 
ball bearing is backed by labora- 
tory and test farm facilities which 
assure the soundness of each appli- 
cation. So when you design for the 
farm—design with New Departure. 
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EVERY MAKE OF FARM TRACTOR HAS TIMKEN BEARINGS; MORE AND MORE IMPLEMENTS ARE USING THEM, TOO! 


How Allis-Chalmers Maintains Accurate Gear 
Mesh in the New Roto-Baler 


Timken Bearina 
Direct Mounting 
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Timken Bearing 


Timken Bearing 
Direct Mounting 


Direct Mounting 


HEN Allis-Chalmers engineers designed the new _ effective. Lubricant is held in; dirt, dust, mud and 
Roto-Baler they had the problem of keeping the _— moisture are kept out. 
gears in alignment and in accurate mesh. Here’s how 


: : , Timken bearings reduce friction to a minimum, make 
Timken® tapered roller bearings helped them solve it. 


the Roto-Baler operate more smoothly. They have an 
Each shaft has a direct Timken bearing mounting. incredibly smooth surface finish. And they have true 
The shafts are held in positive alignment because rolling motion because lines drawn coincident with the 
Timken bearings prevent movement in any direction, | working surfaces of the rollers and races will all meet 
radially or laterally. The tapered design enables the at a common point on the axis of the bearing. 
bearing to take both radial and thrust loads in any com- 
bination. The gears mesh accurately and operating in 
a bath of oil the gear wear is negligible. 


Timken bearings help you solve three big design 
problems: dirt, combination loads, ease of operation. 
Write now for your free copy of our helpful, inform- 

Timken bearings help farm equipment engineers ative booklet, “Tapered Roller Bearing Practice in 
solve another big problem: closures. Because of their | Current Farm Machinery Applications”. The Timken 
close tolerances, Timken bearings hold shafts and Roller Bearing Company, Canton 6, Ohio. Cable 
housings concentric. This makes the bearing sealmore address: ““TIMROSCO”. 


The farmer’s assurance 


of better design Gar 
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